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ABSTRACT 
This study has examined the Quaternary record of lacustrine, fluvial and 
aeolian sediments from the Lake Eyre region to determine the 
palaeoenvironmental and palaeohydrologic history of the basin, particularly 
over the past 130 ka (130,000 years). Detailed observations of the sedimentology, 
stratigraphy and geomorphology of the deposits are presented. These are 
organised on a regional basis and are used to infer the palaeoenvironmental 
history of the pronounced hydrologic response in Lake Eyre to climatic changes 
over the past 130 ka. 
Through much of the Quaternary, the lake's depocentre has migrated towards 
the south and south-west. This process has been chiefly driven by groundwater-
controlled deflation processes and the asymmetry of sediment supply. This is 
related to the location of the major inflowing streams on the downwind, 
northern and north-eastern margins of the lake. These groundwater-controlled 
processes have excavated the modern Lake Eyre playa basin into sediments 
which were deposited during previous surface-water lacustrine episodes. The 
lake has at times been a vast perennial waterbody, with an area larger than the 
combination of the present Lake Eyre South and Lake Eyre North(> 10,000 km2) 
and a water depth of up to 25 m above the present playa floor. Finely laminated 
clays, indicating deep water, are interbedded with evaporites, indicating high 
salinity, and the lake was at times salinity-stratified with anoxic bottom 
conditions. Large beach ridges and thick lateral accretion fluvial aggradation in 
the tributary valleys characterise these periods. At the other extreme, the basin 
has, at times, been drier than today, with no surface water and a falling 
watertable, resulting in deflation of material from the basin. Large quantities of 
sediment and salts have been removed from the basin during such periods and 
tributary streams incised into their former deposits in response to lowering of 
base level. Between these extremes the lake has existed as a smaller shallower 
saline lake, both perennially and ephemerally. It has also been a relatively 
stable dry playa with a constant watertable close to the playa surface, resulting in 
a salt crust. At such times, as is the case today, sediment influx, during rare 
ephemeral floods, is minor and minor deflation occurs during drought periods. 
As well as advancing our understanding of the nature of the sediment record in 
the basin, this study has, for the first time, enabled detailed correlation and 
chronology of that record by levelling sites to a common datum and by the 
application of numeric dating techniques. Sediment luminescence dating, 
chiefly using optically stimulated luminescence (OSL), was combined with a 
large data set (which has been made available from other related projects) of 
amino acid racemization analyses and AMS radiocarbon determinations, both 
mostly on bird eggshell. These various lines of research have converged in the 
development of a well-dated palaeohydrologic history of the Lake Eyre Basin, in 
the form of a lake-level curve, for the past 130 ka. This represents one of the 
first continuous lake-level curves, covering that time span, and based on 
multiple chronological techniques. 
In summary, the lake-level curve indicates that intervening dry periods 
separate five, successively less effective, lacustrine episodes through the past 
130 ka. The highest lake levels, with perennial deep-water conditions and 
shorelines at +10 m AHD (Australian Height Datum), were recorded in the 
period 130 to 110 ka (early marine isotope (MI) stage 5) . This was followed, after 
a dry period, by a mostly reduced-level lacustrine episode ( +5 m AHD), in the 
period 95 to 80 ka (later MI stage 5) which was characterised by wide variations 
in water depth and salinity. These two relatively prolonged wet episodes were 
followed, after another dry phase, by a lower (-3 m AHD), and apparently 
shorter, lacustrine event with a pooled mean OSL age of 64.3 ± 2.5 ka. A major 
deflation event followed, between 60 and 50 ka, which excavated the Lake Eyre 
playa basin as we see it today. A low-level lacustrine period (-10 m AHD) in the 
period 50 to 40 ka was followed by dry playa conditions with episodic minor 
deflation which continued through until about 12-10 ka and culminated in the 
deposition of a substantial halite salt crust. An early, low-level ( <-10 m AHD) 
Holocene lacustrine episode changed to the modern ephemerally flooded playa 
regime at about 3-4 ka. 
The catchment of Lake Eyre is dominantly in the northern Australian monsoon 
rainfall zone and the climate/ catchment-hydrology relationship indicates that 
major lacustrine episodes in Lake Eyre must represent an increase in the 
effectiveness of monsoon rainfall. This is amply illustrated by the association 
of major fillings of the modern ephemeral playa with periods of enhanced 
monsoonal circulation. The major lacustral phase at 130-110 ka suggests a 
marked enhancement of the Australian monsoon at that time, followed by a 
decline in the effectiveness of subsequent wet episodes and events. Lake-levels 
in the Holocene, comparatively much lower than in MI stage 5, indicate that the 
monsoon was less effective during the present interglacial, compared to the MI 
stage 5 interglacial and interstadials. However, the catchment is a vast (1.3 x lQ6 
km2), low gradient region which spans a number of bio-climatic zones, and its 
hydrologic response to changes in precipitation is likely to be complex. The 
existence of beaches at Lake Eyre clustered at high levels ( +5 to + 10 m AHD) or 
low levels (around -10 m AHD), rather than in a continuum, strongly suggests 
that a threshold exists in the hydrological response of the catchment. Thus, 
some caution must be employed in attempting to infer the magnitude of 
climate change from the lake-level curve presented here. 
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Chapter 1. INTRODUCTION 
1. 1 BACKGROUND TO THESIS - STUDY OBJECTIVES 
The Australian continent receives rainfall from the summer monsoon in the north and from 
the winter westerlies in the south. These climate components are a major manifestation of 
convective processes in the Earth's atmosphere, and constitute major elements of the 
planet's climatic system. Previous work matching historical flood, rainfall and synoptic 
records has established that flooding in the Lake Eyre Basin responds to perturbations in 
the strength of the Australian monsoon in the modern climatic regime (Allen, 1985). 
Therefore, the sedimentary and stratigraphic record preserved in Lake Eyre represents an 
invaluable archive of past changes in the Australian monsoon at geological time scales. 
Elucidation of that monsoon record and comparison with records from winter-westerly-fed 
lakes and rivers in southern Australia will determine whether enhancement and reduction 
of these alternate moisture sources has been in-phase or out-of-phase at different times in 
the past; thus raising fundamental questions about the past dynamics of the planet's 
climate system. 
1.1.1 Moisture sources to the Australian continent 
Extending across tropical and temperate zones, from about 11°S to 39°S, mainland 
Australia receives precipitation from the Australian summer monsoon in northern regions 
and northerl ex ansion of the wested circulation in winter in southern re ions (Fi 1.1). 
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Figure 1.1 Australian rainfall seasonality and the location of the Lake Eyre 
catchment. S/W = Summer /Winter rainfall ratio; W /S = Winter /Summer 
rainfall ratio . Modified from Gentilli (1986). 
Across the arid and semi-arid interior there is a broad zone with unreliable rainfall which 
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can be derived from both these influences. 
The global monsoon system is the low-latitude atmospheric response to seasonal changes 
in insolation and is thus the major convective system on Earth involving both surface and 
upper atmosphere interactions of planetary and regional factors. Under average 
conditions, the northern Australian heat-driven low pressure zone appears to act as an 
anchoring point for the equatorial trough, drawing monsoon flow into northern Australia 
(Allen, 1985, Suppiah, 1992). However, because the Australian monsoon is at the 
periphery of the planetary monsoon, it is erratic in both time and space, and can vary 
significantly in association with variations in components of the ocean/atmosphere system 
such as the east-west convection-driven Walker Circulation and the ENSO phenomenon 
(Allen, 1985). Major variations in the strength of the Australian monsoon through the 
glacial-interglacial climatic cycles of the Quaternary reflect the dynamics of the global 
monsoon and are recorded in the sedimentary sequences of depositional systems with 
monsoon-dependant hydrology. 
Rainfall from the westerly circulation is associated with fronts related to cyclonic 
depressions which transit mostly south of the continent. In winter their influence moves 
further north but the southern margin of the continent has a more subdued seasonal rainfall 
dominance compared to the monsoon watered north (Fig 1.1). The fronts are not as 
strongly convective as the tropically derived disturbances and significant and reliable rain 
is restricted to areas with orographic interception. 
1.1.2 Lakes as palaeo-raingauges 
Closed lakes are particularly important palaeoclimatic archives, as lake level is controlled 
by the balance between inflow (direct precipitation, surface inflow and groundwater 
inflow) and outflow (evaporation and groundwater outflow). In the simplest case, with 
minimal groundwater interaction and a small catchment, a lake can act as a palaeo-
raingauge. Bowler (1981, 1986a) examined the controls on the palaeoclimatic sensitivity of 
lakes (Fig. 1.2) and related catchment amplification of inflow to a moisture availability 
function which incorporates rainfall, evaporation and runoff efficiency. Lakes close to the 
equilibrium line in this relationship have water budgets almost in balance and tend to be 
ephemeral, or nearly so. These lakes are the most sensitive to climate change, such that 
even small changes of climate can have a dramatic impact on sedimentary processes and 
hence the preserved sediment records. At the dry end of the spectrum the Australian arid 
zone has many extremely large groundwater-dominated playa lakes with very low 
catchment/lake area ratios. These lakes are very insensitive to climate change because, 
lacking the necessary amplification of a large catchment area, evaporation always exceeds 
inflow and they will not change their state even in response to a considerable wetting of the 
climate. 
1.1.3 Lake Eyre Basin hydrology and the Australian monsoon 
Lake Eyre, situated in the driest part of the continent where rainfall is low, unreliable and 
far exceeded by evaporation, is the focus of an extremely large internal drainage network 
(1.3 million km2). The main catchment streams drain from northern Australia where they 
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are fed by summer-season monsoon rainfall (Fig 1.1). Under the modern climatic regime, 
smaller, more local streams supply significant inflow only during extreme rainfall events 
which are associated with the incursion of discrete monsoon-derived rain depressions 
characterised by intense convection. Owing to the lack of an orographic trap for moisture 
from fronts associated with the westerly circulation south of the continent, rainfall from 
that source is rarely of sufficient intensity for significant runoff to occur. Lake Eyre, when 
plotted on Figure 1.2 with only its local western catchment, lies well away from the 
equilibrium line, alongside groundwater playas such as Lakes Torrens and Gairdner. The 
available evidence strongly suggests that neither Torrens or Gairdner has palaeo-shorelines 
or sediment sequences, which if present would indicate they have been sensitive to late 
Quaternary climate change. It is therefore extremely unlikely that Lake Eyre will be 
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sensitive to climatic variation in its local western catchment. However, when the Cooper 
and Diamantina catchments are included, Lake Eyre l~es close to the equilibrium line of 
Figure 1.2. Thus, although Lake Eyre lies well south of the monsoon rainfall zone, its 
sedimentary history and palaeohydrology constitute a record of monsoon runoff and 
provide an opportunity to investigate variations in the intensity of the Australian monsoon 
through the past. 
In order to draw climatic inferences from the Lake Eyre record it is important to realise 
that the Lake Eyre Basin is by no means a simple raingauge. It is an enormous, inefficient, 
multi-channel, low-gradient system which loses much of its flow to surface-water storages, 
evaporation and groundwater. The nature of antecedent floods and rainfall in the middle 
and lower stream reaches are extremely important variables in the catchment hydrology. 
1.1.4 Aims of the project 
The aim of this project is to refine our knowledge of past variations in the strength of the 
Australian monsoon, by improving the chronology and stratigraphic definition of 
lacustrine, fluvial and aeolian sediment records at Lake Eyre. The project will concentrate 
on the past 130 ka, which covers the last full glacial/interglacial climatic cycle, is 
represented by well preserved sediment sequences and falls within the range of newly 
available dating techniques. As an extremely large, climatically sensitive system with 
monsoon-dependant hydrology, Lake Eyre provides the opportunity to obtain a record of 
climatic changes at sub-planetary scale. The marine oxygen isotope record provides 
planetary scale records of the major glacial-interglacial perturbations of Quaternary 
climate. Comparison of the Lake Eyre record with the marine record will determine if they 
are in or out of phase over the past 130 ka, which will have important implications for our 
understanding of global climatic history. Comparison of the Lake Eyre record with records 
from other sites, particularly those with catchments in different climatic zones to Lake 
Eyre, will provide a first-rate basis for determining variations in the sources of moisture in 
Australia, over long time scales. 
1.1.4.1 Specific questions to be answered in the thesis 
1. What age are the perennial high-lake phases at Lake Eyre, which have been established 
previously to lie beyond the limits of radiocarbon dating (>40 ka)? 
2. If those multiple lake-full stages occur in oxygen isotope stage 5, how closely do they relate to 
the sub-stages of the marine oxygen isotope record? 
3. Are the Lake Eyre record and the marine isotope record in or out of phase through different 
stages of the Quaternary record over the past 130ka? 
4. Are periods of enhancement of monsoon rainfall and winter-westerly rainfall coincident? 
5. Was Lake Eyre at low levels throughout stage 3 or did a high-lake episode (and strengthened 
monsoon) occur early in stage 3, coincident with strongly enhanced winter westerlies, as indicated 
from the Murray Basin lacustrine and fluvial records? 
6. What was the state of Lake Eyre in later stage 3 and stage 2 and what implications does this 
have for resolving the origin of enhanced flows in systems with high-elevation, westerly-fed 
catchments between enhanced precipitation and changed run off during the maximum cold period? 
7. Since previous work has demonstrated that lacustrine conditions returned to the basin early in 
the Holocene, but at levels much lower than the previous interglacial, what is the nature of the 
Holocene lacustrine phase and what are its palaeohydrologic implications? 
1.2 PHYSICAL SETTING 
1.2.1 Location and physiographic setting 
Lake Eyre, a playa in the lowest and driest portion of Australia, is at the southwestern 
margin of a large (>1,300,000 km2) internal drainage basin (Fig. 1.3) . Low-gradient 
ephemeral streams drain from low-elevation bedrock hills at the margins of the basin, 
across extensive fluvial plains to the playa situated, 15 m below sea level, in the desert 
dunefields of the Australian Central Lowlands (Jennings and Mabbutt, 1986). 
The major catchment is to the north-east, in the summer-monsoon-watered highlands of 
Queensland and the eastern Northern Territory, which feed the Cooper and Georgina-
Diamantina fluvial systems. Shorter streams drain the Stuart, Everard and Musgrave 
Ranges, to the west of the lake, and enter via the Neales and Macumba Rivers. Other local 
streams drain the Flinders Ranges, south of the lake, via the Frome Creek. To the east, the 
Clayton River is the only stream to reach the lake which drains from low-elevation Tertiary 
domal uplifts, at the eastern margin of the Tirari and Simpson Deserts. To the north, 
streams draining the Macdonnell Ranges are prevented from entering the lake by the 
Simpson Desert dunefield. The most westerly of those streams, the Finke, has a large 
catchment (63,000 km2) and retains a connection through the edge of the dunefield to the 
Macumba system, but contributes little if any flow to the lake (Kotwicki, 1986). All 
streams are ephemeral and characterised by extremely variable discharge, both seasonally 
and from year to year. 
1.2.2. Geologic setting 
The Lake Eyre Basin is superimposed on the larger Mesozoic Eromanga Basin, which 
contains the aquifers for the Great Artesian Basin and contains a discontinuous record of 
continental sedimentation which began in the late Cretaceous and continued through the 
Cainozoic era (Johns, 1989; Krieg et al., 1990). From late Palaeocene to Eocene time much 
of the basin was covered with fluvial sands and gravels and fine-grained laminated 
swamp deposits of the Eyre Formation (Wopfner et al., 1974). Widespread silicification 
of the Eyre Formation and subsequent domal uplift of the area to the east of Lake Eyre 
occurred in the Oligocene. These relatively gentle tectonic uplifts separated the Lake Eyre 
geological Basin from larger pre-existing geological basins and established the dominance of 
local sediment sources for subsequent Neogene sedimentation (Wells and Callen, 1986). 
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1.2.2.1 Oligo-Miocene Etadunna Formation 
Between the late Oligocene and the middle Miocene, large relatively shallow lakes covered 
much of the basin, fed by meandering rivers with extensive floodplains (Krieg et al., 1990). 
Clastic input was low; the Etadunna Formation, deposited at this time, is dominated by 
magnesium-rich chemical sediments, rich in dolomite, smectite and palygorskite. Green 
clay and mud are the dominant lithologies with common beds of pale light grey dolomitic 
mud. The age of Etadunna Formation deposition is poorly constrained. Stirton et al. 
(1961) considered it to be possibly Late Oligocene in age based on the phylogeny of its 
mammalian fossils; an assumption supported by a Rb/Sr age of 25 Ma (Norrish and 
Pickering, 1983) obtained from illite, from a stratigraphically unconstrained Etadunna 
Formation site in the Muloorina area (Woodburne et al., 1993). Alternatively, the 
Etadunna Formation, and its equivalent in the Lake Frame Basin, the Namba Formation, 
have frequently been considered to be Middle to Upper Miocene in age (Wells and Callen, 
1986; Johns, 1989; Krieg et al., 1990) based on some rather sparse pollen assemblages 
(Truswell and Harris, 1982). Woodburne et al. (1993) presented palaeomagnetic data and 
a major review of the litho- and bio-stratigraphy of the Etadunna Formation in the Lake 
Palankarinna region and suggested an Oligocene age of 24-26 Ma, which supported 
foraminiferal evidence reported by Lindsay (1987). In view of this still unresolved debate, 
the Etadunna Formation, which forms the stratigraphic base at many sites in this study but 
is not examined in detail, will be referred to as Oligo-Miocene in age. 
Silicification of much of the upper part of the Etadunna Formation followed the cessation 
of deposition (Krieg et al., 1990), presumably occurring in the Miocene to Pliocene time 
period. Post-Etadunna deposition and the transition to modern environments began with 
channel erosion and deposition of the localised Wipajiri Formation and Mampuwordu 
Sand (Wells and Callen, 1986). Woodburne et al. (1993) report biostratigraphic evidence 
suggesting a close proximity in age between the Etadunna and Wipajiri Formations, thus 
placing the latter in the late Oligocene, and Tedford et al. (1992) included the 
Mampuwordu as the basal member of the Pliocene Tirari Formation. 
1.2 .. 2.2 Plio-Pleistocene deposits 
Three widely-distributed late Cainozoic units are recognised in the Lake Eyre Basin, the 
Tirari, Kutjitara and Katipiri Formations. In published accounts (Wells and Callen, 1986; 
Tedford and Wells, 1990; Tedford et al., 1992) these formations are all dominantly 
fluviatile in character, with channel and overbank deposits recognised, and lacustrine and 
aeolian sediments, of more limited extent, also reported. Wells and Callen (1986) 
suggested that stream source areas during deposition of the Tirari and Kutjitara 
Formations were the local domal uplifts, established during mid-Tertiary folding, and a 
distributary stream system drained northwest towards a depo-centre north of the modern 
Lake Eyre basin. They contrasted this early distributary system with deposition of the 
Katipiri Formation from a widespread tributary pattern, draining from more distant 
sources, towards a depo-centre which had moved south to the Lake Eyre region (Wells and 
Callen, 1986). This tributary system formed a basin similar to the modern Lake Eyre 
drainage system and mirrored that which had existed prior to the mid Tertiary folding. 
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Wells and Callen (1986) presented minimal evidence for their designation of differing early 
distributary and later tributary stream patterns and used the terms prior streams and 
ancestral rivers which they imported from descriptions of fluvial systems in the Riverine 
Plain of the Murray Basin. Butler (1950, 1958) and Pels (1964) introduced these terms for 
the Riverine Plain, usage of which tended towards referring to an older distributary 
network as prior streams and a younger tributary network of streams, related to the 
present drainage, as ancestral rivers (Butler et al, 1973). In a recent detailed stratigraphic 
and chronologic study of these stream networks, Page et al. (1996) and Page and Nanson 
(1996) established that the different channel forms can be coeval and are due to 
differences in stream flow and sediment load characteristics. Page et al. (1996) concluded 
that usage of the terms prior streams and ancestral rivers to describe an evolutionary 
sequence through time is no longer tenable. The introduction of these terms to the Lake 
Eyre Basin is unfortunate as they imply a number of stream characteristics and an 
evolutionary trend which have been rejected in the Murray Basin, where they were first 
introduced, and are of dubious validity at Lake Eyre. 
Pliocene Tirari Formation 
Tirari Formation deposits are known from outcrop along sections of the lower Cooper and 
Warburton Creeks, from some playa margins in the Tirari Desert and have been reported 
from Peachawarrina Bore No. 2, only some 25 km east of Madigan Gulf. However, no 
Tirari Formation, or equivalent, is known from outcrop or sub-surface in the vicinity of 
Madigan Gulf and its full sub-surface extent is not known. Tedford et al. (1986) suggested 
it may be restricted to a fault-bounded zone between the Cooper and Warburton ancestral 
valleys. The Tirari Formation consists of red-brown mud and muddy sand, thinly bedded 
and often gypseous, deposited in floodplain environments. In the north, ripple-laminated 
gypseous sands and massive gypseous muds are a lacustrine equivalent. Cut into the 
upper portion of both these facies are intra-formational chClJ1.Ilels with numerous clasts and 
filled with fine sand and mud (Tedford et al., 1986). A massive secondary gypsum 
horizon occurs at the top of the formation marking a disconformity and time break. 
Tedford et al. (1986) suggest formation of this secondary gypsum by evaporative 
concentration from a regionally-high saline watertable but Wopfner and Twidale (1967) 
attributed the gypsum to a weathering event (i.e. pedogenic processes). 
Tedford et al. (1986) reported preliminary palaeomagnetic results which suggested that 
most of the unit has reverse polarisation, which they equated with the Matuyama Chron, 
and the basal few metres have normal polarisation, which they attributed to the Gauss 
Chron. This indicated that deposition of the Tirari Formation began in the late Pliocene 
and extended into the Quaternary but had ceased before 780 ka and, at the time, Tedford 
et al. (1986) suggested this age to be consistent with the faunal assemblages present in the 
formation. However, from a subsequent more extensive palaeomagnetic analysis, Tedford 
et al. (1992) suggested that an equivocal, mostly reversed, palaeomagnetic signature from 
the upper part of the formation could be constrained biostratigraphically to the y; mngest 
reversed interval in the Gilbert Chron (3.9-3.4 Ma) . Although their palaeomagnetic data 
are inconclusive (Pillans, pers comm; Barton pers comm), this revised age is consistent with 
the pedogenic character of the Tirari Formation, in terms of the degree of reddening and 
secondary gypsum development. 
Pleistocene Kutjitara Formation 
The Kutjitara Formation is cut into the Etadunna and Tirari Formations and consists of 
horizontally bedded fine sand and red overbank mud with channel-fill sand, gypsum sand 
and lacustrine clay (Tedford et al., 1986). They report a secondary gypsum horizon at the 
surface of the unit, similar in characteristics to that of the Tirari gypcrete but more weakly 
developed. Tedford et al. (1986) mapped, from Landsat imagery, channel traces equated 
to this phase as a broad 'Prior Stream' distributary network, now often marked by 
elongate playas. This network drained to the north west, across a low gradient landscape, 
from the bordering basement uplifts to a depocentre north of Lake Eyre no more than 1.5 
times the size of the modern lake. These channel traces mapped by Tedford et al. (1986) 
as their prior stream network, are almost certainly the oldest discernible Quaternary fluvial 
elements in the Lake Eyre region. However, they provided no real evidence that the 
network was different in character to the subsequent fluvial systems and did not clearly 
demonstrate a connection with outcrops of the Kutjitara Formation along the Cooper or 
Warburton Creeks. 
The existence of a disconformity and considerable time break, represented by the 
secondary gypsum horizon developed at the top of the Tirari Formation, suggests the 
probability of a Quaternary age for the Kutjitara Formation. Lacking any form of numeric 
age for the formation, Tedford et al. (1986) ascribed it to the penultimate glacial cycle, by 
analogy with the overlying Katipiri formation which they attributed to the last glacial cycle. 
This proposition seems inconsistent with their suggestion, in the same publication, that the 
Kutjitara Formation represented a fundamentally different pattern of stream deposition to 
the Katipiri Formation. Callen and Nanson (1992) reported TL dates from the Kutjitara 
Formation of >300-400 ka. By comparison with the Tirari and Katipiri Formations, the 
degree of pedogenic reddening and secondary gypsum development suggest that some 
deposits attributed to the Kutjitara Formation, are almost certainly of Lower Pleistocene 
age. 
Middle and Late Pleistocene Katipiri Formation 
The Katipiri Formation is associated with broad meander belts, termed 'ancestral rivers' by 
Tedford et al. (1986), which are followed by the modern Warburton and Cooper channels. 
These Katipiri Formation river tracts are cut into Etadunna, Tirari and Kutjitara Formation 
sediments and were mapped trending southwest and west towards a depocentre near 
modern Lake Eyre (Tedford and Wells, 1990). They suggested that the channel width and 
meander patterns are similar to the modern streams but a greater floodplain width (up to 
four times) indicates a more active river system. The deposits of these streams consist of 
white fine sand units with festoon cross-stratification and basal clast conglomerate. These 
deposits are incised by younger channels filled with laminated mud and fine sand, typical 
of suspended load streams, and suggesting waning of discharge. Lacustrine fades occur 
and Tedford et al. (1986) correlated the Katipiri Formation fluvial sediments to lacustrine 
deposits known from outcrop at the southern margin of Madigan Gulf, Lake Eyre (King, 
1956; Johns and Ludbrook, 1963). Wells and Callen (1986) suggested that shorelines and 
associated beach and aeolian features, from this lacustrine phase, are located east of 
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Madigan Gulf and south of Lake Eyre South. They suggested that these shorelines indicate 
a lake, smaller than in the Kutjitara phase, but expanded beyond modern Lake Eyre. 
Tedford and Wells (1990) report a secondary gypsum horizon, in the upper portion of the 
Katipiri Formation, similar in character and degree of development to the gypsum of the 
Kutjitara Formation. 
Tedford et al. (1986) reported a number of minimum radiocarbon dates from the Katipiri 
Formation, and overlying sediments, and suggested that the larger bedload streams and 
associated lacustrine facies are at or beyond the limit of the technique (>40,000 years). 
Assuming that the hydrological changes, marked by the Katipiri Formation, were related to 
the climatically-controlled hydrologic cycle associated with the last glacial period, Tedford 
et al. (1986) attributed deposition to early in the last glacial cycle. More recently, the 
application of TL dating to this formation established a numeric chronology, with Callen 
and Nanson (1992) and Nanson et al. (1992) reporting two sets of ages. One set clusters 
in the 220-260 ka period, equivalent to the penultimate interglacial (oxygen isotope stage 
7), and the second set, with a pooled-mean age of 109 ± 4 ka, is associated with the last 
interglacial (oxygen isotope stage 5). 
1.2.2.3 The Lake Dieri concept 
When European explorers first crossed the eastern drainage divide of Australia, and found 
multiple stream courses heading for the interior of the continent, it lead to widespread 
belief in the existence of an inland sea and numerous subsequent expeditions, were 
expected to discover it. Stories abound of the difficulties suffered by these expeditions in 
carrying boats across the desert and, though many may be apocryphal and are today the 
cause of derision and merriment, they attest to the strong conviction in the existence of an 
inland sea. This conviction carried through to the early geological accounts of the Lake 
Eyre region which contained reference to large precursors of the modern salt lakes (Gregory, 
1906; Howchin, 1909). Similar inferences were made in other summaries (Fenner, 1931; 
and David, 1932) and Browne (1945) first used the name Lake Dieri for a putative very 
large precursor to Lake Eyre. David and Browne (1950) suggested Lake Dieri was 90-
100,000 km2 (10 times the area of modern Lake Eyre) and, based on reference to at least 
four raised terraces, presented a map of Lake Dieri with a shoreline at about 180 feet 
above the present lake floor (which they believed to be 60 feet below sea level). 
David and Browne (1950) provided no details or evidence for their identification of a 
shoreline at this elevation, or for their map of its location or for their attribution of lake 
Dieri to the Pleistocene, other than comparison of its magnitude with Pleistocene Lakes 
Bonneville and Lahontan of North America. Their shoreline elevation, of 120 feet (36.5 m) 
above sea level, is remarkably close to the elevation of the highest known ancient shoreline 
features, which have been identified and levelled to 35 m AHD in this study, in the 
Muloorina region where a number of lake floor terraces exist (see Chapter 5). However, the 
mapped location of David and Browne's shoreline is very different to the features 
identified in this study and the similarity of elevation is probably coincidental. Even 
today, it is not possible to accurately map the 35 m AHD contour in the region, especially 
north and east of Lake Eyre in the Tirari and Simpson Desert dunefields. Published maps 
at 1:250,000 have 0 and 50 m AHD contours which are photogrametrically resolved with 
rather sparse ground control. They are clearly subject to serious errors as indicated by the 
Lake Eyre sheet (1986) which has contours and spot heights on the floor of Lake Eyre that 
are completely inconsistent with the bathymetric contours at 50 cm intervals of Bye et al. 
(1978), accurately determined in 1974-5 when the lake was full. Twidale and Wopfner 
(1990) presented a large scale map, contoured at 15 m intervals based on seismic and 
gravity data, but it is best considered as diagrammatic and is clearly in error in many 
places known to the author. 
More systematic levelling, exploration and geologic studies, began in the region in the 
1950's and continued through to the 60's and 70's, given impetus by the interest raised 
after the dramatic major flood events of 1949-50 and 1974. These studies demonstrated 
that perennial lacustrine episodes, with minor increase in the size of the lake, had occurred 
in the past but there was no evidence for a former Pleistocene lake as large as proposed by 
David and Browne (1950). However, Loffler and Sullivan (1979) resurrected the Lake 
Dieri concept after examining, on satellite images, a series of arcuate aligned pans, across 
much of the Strzelecki and Simpson Deserts which paralleled the shape of the chain of salt 
lakes from Lake Frome to Lake Eyre. By analogy with similar well-preserved features close 
to the salt lakes, which clearly had an origin related to shoreline contraction (Wasson, 
1983), they argued, without supporting field or stratigraphic evidence, that the whole area 
of aligned pans (110,000 km2) represented contraction of a large lake, which was a 
precursor to the modem chain of salt lakes. They suggested that the lake might have 
extended back in time to the late Tertiary and contracted, with multiple oscillations, 
through much of the Pleistocene. 
Dulhunty (1983) accepted the reality of the Lake Dieri concept revived by Loffler and 
Sullivan (1979) but suggested the lake was divided in two by the mid Tertiary domal 
uplifts in the vicinity of the Birdsville Track (Kopperamanna and Cason Domes). He 
suggested that the Lake Eyre precursor retain the name Lake Dieri and the Lake Frome 
precursor be named Lake Pilatapa. Somewhat extravagantly, Dulhunty implied that 
supporting stratigraphic evidence for these lakes existed which suggested they were similar 
in size to that proposed by Loffler and Sullivan (1979); that they were up to 200 m deep; 
overflowed to the sea; and existed in the late Pleistocene, in the period 20,000 to 45,000 
years BP. Wasson (1983) has convincingly demonstrated that the aligned pans, identified 
by Loffler and Sullivan (1979), are of different age and elevation where alignments suggest 
they should be coeval and have various origins in addition to association with lacustrine 
shorelines. Stephen (1991) also rejected an association with lacustrine regression and 
suggested that many of the pan alignments relate to an erosive aeolian origin, coeval with 
dunefield development. Wasson (1983) suggested that a large area of pan alignments, east 
of the Strzelecki Creek, could only be related to lacustrine processes but clearly 
demonstrated the connection of these features to the Etadunna and Namba Formation 
lacustrine sediments of Oligo-Miocene age. 
Thus, despite attempts by Loffler and Sullivan (1979) and Dulhunty (1983) to resurrect 
the concept of Lake Dieri as an extremely large Pleistocene precursor to Lake Eyre, there is 
scant supporting evidence. The only Cainozoic lacustrine feature which approaches this 
scale is the Oligo-Miocene Etadunna Formation lake. This study will follow the 
implication of Wasson (1983) and restrict use of the term Lake Dieri to deposition of 
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Etadunna Formation sediments. 
1.2.3. The modern sedimentary environment of Lake Eyre 
The modern playa, with a total area of 9690 km2, consists of two basins, Lake Eyre North 
and Lake Eyre South which are linked by the narrow Goyder Channel (Fig. 1.4). The playa 
is normally dry or has ephemeral surface water of limited depth and areal extent and 
infrequent major floodings (Kotwicki, 1986). The playa floor of Lake Eyre North slopes 
towards the south intersecting the more nearly horizontal saline watertable at the southern 
end where a halite salt crust occurs (Dulhunty, 1982). Floodwaters from streams entering 
in the north and flowing across the lake floor to the deeper southern bays have excavated a 
number of shallow grooves in the sloping northern playa floor. The most remarkable of 
these is the Warburton Groove which extends, in a relatively straight course, some 85 km 
from the mouth of the Warburton Creek towards Belt Bay (Dulhunty, 1990). 
1.2.3.1 Sedimentation during ephemeral floods 
Peake-Jones (1955) records details of the climatological and hydrological events associated 
with the 1949-50 flood but, except for some observations about the salts by Bonython 
(1955, 1956), little attention was paid to sedimentary processes associated with the flood. 
However, sedimentation associated with the 1974 flood was examined in more detail by 
Dulhunty (1977; 1989a) who made some systematic observations on the influx of sediment 
and monitored solution of the halite salt crust. Surface salt crusts occur in each of the 
three southern bays of Lake Eyre, Belt Bay, Jackboot Bay and Madigan Gulf, where the 
largest and thickest crust occurs (Bonython, 1956; Dulhunty, 1974). Minor quantities of 
surface water, from inflows and precipitation on the playa, occur commonly and cause 
some solution and movement of salt as wind blows the shallow water bodies around the 
basin, with a net tendency to focus salt towards the lowest point (Bonython, 1956). 
Dulhunty (1974) had completed a major survey of the thickness, distribution and character 
of the salt crust in all three southern bays in 1972 which provided an excellent basis to 
monitor solution of the crust in response to the major flood in 1974. 
Dulhunty (1977) reports the results of repetitive measurements of the underwater extent 
and thickness of the salt crust, as it dissolved, and associated analyses of stratified water 
samples. Although he expected to see full solution of the crust occurring as soon as 
sufficient water was available, he actually found that a major portion of the salt crust, in 
the central area of Madigan Gulf, where it was thickest (46 cm), did not dissolve for 
almost 2 years. Figure 1.5 summarises Dulhunty's (1977; 1989) observations. Low salinity 
floodwaters began flowing into the lake in February 1974 and quickly dissolved the thin 
marginal salt crust zones and had reduced the central thickest part to about half its 
maximum pre-flood thickness of 46 cm by April-May 1974, producing an initial salinity of 
>30o/oo. However, once the water depth exceeded about 4 m (Fig. 1.5 A), wave mixing no 
longer affected the bottom layers and a dense saturated brine layer (300-330 %0 ), about 20 
cm thick, covered the whole of the remaining salt crust and extended about 1 km beyond 
the crust. Above the saturated bottom layer was a 50 cm thick layer with a high salinity 
gradient (300 to 11 o/oo) and the upper 5 m of water column was uniformly mixed with a 
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Figure 1.4. Lake Eyre showing the location of the two main basins, the 
connecting channel and the grooves and depressions on the floor of Lake Eyre 
North which are redrawn from Dulhunty, 1977. A - B marks the location of 
the cross section in Figure 1.6. 
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salinity of about 11 %0, due to dilution by large quantities of fresh water inflow which 
raised the water depth from 4 m to 6.1 m . The undisturbed saturated bottom layer 
insulated the salt crust from further solution, and this condition persisted until late in 1975 
(Fig 1.5 B) by which time evaporation to a water column depth of about 4 m had occurred, 
slowly increasing the salinity of the upper layer to 48 %0 (probably with some contribution 
by diffusion from the saline under layers) . 
Dulhunty (1989) reports that, because of the extremely low gradients of the lower Cooper 
and Warburton Creeks, bedload did not reach the lake basin with the exception of a low-
profile delta of very fine sand which was deposited close to the river estuaries . Silt and 
clay were carried into the lake in suspension but flocculated quickly in the higher salinity 
lake environment and were deposited in the northern part of Lake Eyre North. Virtually 
no terrigenous elastic sediment, brought into the lake by river inflow, reached the southern 
bays where the salt crusts are located. Dulhunty (1989) reports that sediment 
accumulating on top of the residual salt crust, during the period up to late 1975, consisted 
dominantly of organic remains which resulted from the extremely high organic productivity 
of the lake during this period (Bonython, 1989; Williams, 1990). The unmixed saturated 
underlayer was anaerobic and Dulhunty (1977) reports it to have been opaque, almost 
black, due to the presence of fine organic matter and rich in hydrogen sulphide due to the 
activity of anaerobic bacteria. 
Early in 1976 (Fig 1.5 C) evaporation lowered lake level to below 4 m, wave-induced 
mixing disturbed the bottom saturated water layer and the remainder salt crust was 
rapidly dissolved, raising the salinity of the whole water body to about 58 %0. The organic 
and minor elastic sediment which had accumulated on top of the residual salt crust was 
added to the underlying sediments. After some additional inflow in 1976, which 
temporarily raised the water level, evaporation continued through 1977 and by early 1978 
salinity reached halite saturation with a water depth of about 1.5 m . By the end of 
January 1979 the water had completely evaporated and a new salt crust had precipitated, 
covering the minor amounts of organic rich sediment which had been added to the Madigan 
Gulf sedimentary sequence. 
In the northern part of Lake Eyre North, elastic sediment introduced to the basin was 
exposed as water level dropped. The fine delta sands were deflated from the basin as 
they dried and silts and clays, added to the playa floor during the flooding, were 
disrupted by salt efflorescence, and also deflated from the basin, as evaporation lowered 
water tables to their long-term equilibrium position. Dulhunty (1989) reported deflation of 
sediment from the northern part of the playa in 1979 and 1980 which was still occurring 
north of the salt crusts in the drought of 1982 (Bowler, 1986). 
Dulhunty (1975) examined the morphology of extensive wave-built shingle beaches 
constructed along the rocky shorelines of Hunt and Babbage Peninsulas, where cliffs are 
eroded into silicified Etadunna Formation dolomite. He also measured three pre-existing 
topographically-higher sets of similar features which indicated depths of filling 2.8, 1.6 
and 0.7 m higher than the 1974 flood. Dulhunty (1978) also estimated that overflow of 
Lake Eyre North to Lake Eyre South had transferred approximately 7.4% (30 x 1Q6 
tonnes) of the total salt out of the North Lake, which crystallised when Lake Eyre South 
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Figure 1. 5. Sequence of events in the solution of the salt crust of Madigan Gulf 
during the 1974 major filling of Lake Eyre. North-south profile is redrawn from 
Kotwicki (1986), water salinity and stratification data from Dulhunty (1977, 1989) 
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dried by 1977, as a crust up to 24 cm thick. Earlier observations by Bonython (1961) and 
Dulhunty (1978) indicated that only thin surface efflorescence salt existed in Lake Eyre 
South prior to the 1974 flood. This was difficult to reconcile with Dulhunty's (1975) 
identification of three prehistoric floods, which were similar but higher than the 1974 event, 
and, by analogy, must also have transferred considerable quantities of salt from the north 
lake to the south lake. Dulhunty (1978) suggested a mechanism must exist for return of the 
salt and suggested three possibilities, by deflation, by return flood overflow or by 
groundwater flow. He rejected the first possibility as insignificant and the second as 
extremely unlikely in the present climatic regime, and suggested that groundwater flow to 
the topographically lower southern bays of the North lake was the dominant mechanism 
for return movement of salt. 
In January 1984, a tropically derived transient rain depression produced rainfalls over 5 
days which exceeded 300 mm in some parts of the local westerly catchments of both Lake 
Eyre North and South. These high intensity falls produced relatively high runoff efficiency 
and resulted in a total inflow to both lakes of about 11.4 x 109 m3, or about 30% of the 
1974 inflow (Allen et al., 1986). This inflow occurred in less than 10 days and resulted in 
overflow of about 0.6 x 109 m3 of water from Lake Eyre South to Lake Eyre North, which 
carried back about 40 % of the salt transferred the other way in 1974 (Allen et al., 1986). 
This clearly demonstrated that surface overflow is the dominant mechanism for transfer of 
salt, in both directions. A similar event in March 1989 again caused Lake Eyre South to 
overflow and almost certainly again transported considerable quantities of salt from south 
to north. 
1.2.3.2 Origin and morphology of the playa 
The basin, with its lowest point some 15.2 m below sea level, undoubtedly owes its 
fundamental origin to tectonic subsidence. The underlying Miocene sediments are gently 
warped and the western boundary shows evidence of fault control (Wopfner and Twidale, 
1967; Johns, 1989). Many authors have suggested that the slope of the playa floor and the 
straightness of the Warburton Groove are evidence of very recent tectonic modification of 
the basin (Johns and Ludbrook, 1963; Wopfner and Twidale, 1967; Dulhunty, 1989, 1990; 
Johns, 1989) and that deflation has played a minor role in the evolution of the basin. 
However, King (1956) and Dulhunty (1989, 1990) have demonstrated the importance of 
deflationary processes in the formation of the modern playa basin. 
Bowler (1981, 1986) has examined the hydrologic processes, controlled by the interaction 
of climate and lake/ catchment-area ratios, which operate in salt lakes (Fig 1.2). He 
identified a continuum from permanently wet lakes, dominated by surface water 
processes, to lakes which rarely if ever have surface water and are dominated by 
groundwater processes. Each stage in that continuum is marked by a specific array of 
landscape elements. Lake Eyre is rarely completely dry (Kotwicki, 1987; Bonython, 1960) 
but is, nevertheless, dominated by groundwater processes, with some significant 
modification by surface water during rare major fillings. This domination by groundwater 
processes is a crucial factor in controlling the morphology of the modern playa. Bowler 
(1986) has described how a horizontal saline watertable in a playa forms a base-level at 
which deflation and weathering processes produce a flat basin floor. If a lacustrine 
surface-water phase changes to a playa phase, the lake dries and sediment is deflated 
from the lake floor after disruption by the precipitation of salts at the capillary fringe of 
the water table. This deflation process deepens the playa until the water table reaches an 
equilibrium position and outcrops at the surface, forming a salt crust. This groundwater 
bevelling process, first described by Jutson (1934), results in a cliffed margin on the upwind 
side of the basin and, in combination with the asymmetry of sediment supply and 
transport within the basin, can adequately explain the morphology of the Lake Eyre playa, 
without invoking recent tectonics. Wave erosion, during the rare periods of surface water 
in the basin, helps maintain the cliff and smooth irregularities in the shoreline. 
Sediment supply and transport in the basin are controlled by its setting, with the major 
rivers all entering the northern portion of the playa and the dominant wind direction from 
south to north, as indicated by the regional longitudinal dunefield direction. The Cooper 
and Warburton-Diamantina systems are extremely low-gradient streams in their lower 
reaches and almost certainly transport very little bedload sediment to the lake. Major 
flood events transport muds into the lake, which flocculate and are deposited quickly 
when entering the high-salinity environment of the playa. Dulhunty (1989) reports 
sediment charged water only in the northern portion of the North Lake during the 1974 
major filling, and it is very likely that little sediment reaches the southern bays. Gillespie et 
al. (1991) suggested that very little fine sediment has accumulated in Madigan Gulf since 
the establishment of playa conditions in the later Holocene. Sediment removed by shoreline 
erosion is transported to the north by longshore transport, driven by the prevailing winds, 
or deflated to shoreline foredunes . 
The morphology of the present playa reflects the combination of these processes . The 
southern upwind bays are deepest, with salt crusts, flat floors and cliffed shorelines 
maintained by groundwater bevelling. During floodings, muddy sediment is deposited in 
the northern portion of the basin building it to a slightly higher level. During dry periods, a 
broad zone of the North Lake, north of the salt crusts, is in th~ capillary fringe of the saline 
water table and is susceptible to deflation, removing sediment deposited by previous 
floods . In the intense drought of 1982 extensive deflation of material was observed from 
this zone (Bowler, 1983). Thus the present playa/ephemeral-lake phase is in a relatively 
stable sedimentological equilibrium and the playa morphology is a response to 
groundwater processes and the asymmetry of sediment supply, and does not require a 
tectonic explanation. During wetter periods, major floodings occur (Peake-Jones, 1955; 
Bonython and Fraser, 1989) but sediment input is probably relatively minor (Gillespie et 
al., 1991). During drier phases the water table is relatively stable and only a small 
quantity of sediment is removed by deflation. 
The playa floor grooves 
The grooves excavated by floodwaters flowing from streams in the north to the deeper 
southern bays are enigmatic features. The Warburton Groove (Figure 1.4, Plate 1.1), which 
has some flow virtually every year, is the largest and most distinct groove on satellite 
imagery or aerial photography. It initially follows the same north-east to south-west trend 
as the final downstream reach of the Warburton Creek but bends to the south some 15 
kilometres from the playa shore. It then follows a remarkably non-sinuous course, some 80 
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km south to Belt Bay. The course is not completely straight, as is sometimes suggested, but 
actually forms a continuous slight bend, with deflection of the middle reaches to the east. 
The Kalaweerina Groove (Figure 1.4) parallels the Warburton Groove, but is shorter, 
narrower, shallower and less distinct. The Kalawareena Creek is a relatively short 
distributary channel of the Warburton Creek, which enters the lake via a separate mouth 
some 25 km east of the Warburton itself. The Kalawareena is only activated by larger 
floods in the Warburton but it is probably the second most active lake tributary, in terms 
of flow frequency, after the Warburton (Kotwicki, 1987). Table 1.1 summarises the 
characteristics of both grooves. 
Parameter Warburton Groove Kalaweerina Groove 
Length 85-90 40-45 
Fall -11.5- to -13.5 AHD -11.5 to -12.5 AHD 
Slope 1: 42,500-45 ,000 1: 40 ,000-45 ,000 
Width 4.6 km 2.7 km 
Depth 54 cm 13 cm 
Width/Depth 8,519: 1 20,769: 1 
Ratio 
Sediment Bed load= 0 Bed load= 0 
Suspended load = 0 Suspended load = 0 
Substrate Uniform sandy clay Uniform sandy clay 
Thin ( <lcm) discontinuous Thin ( <lcm) discontinuous 
efflorescent salt crust efflorescent salt crust 
Approximately 5% soluble and Approximately 5% soluble and 
semi-soluble salts semi-soluble salts 
Table 1.1. Dimension parameters and characteristics of the Warburton and 
Kalaweerina Grooves, Lake Eyre North. Data from Dulhunty (1977) and Bye et 
al. (1978). 
During an east-west bathymetric sounding traverse of the northern portion of Lake Eyre 
North, during the 1974 filling, Dulhunty (1977) identified topographically low features 
close to the east and west shores. He identified these as having been excavated by 
inflowing floodwaters of the Cooper Creek and the Neales River. He called these indistinct 
features, which were much less regular than the grooves, the Cooper and Neales 
depressions. Figure 1.6 shows the profile established by Dulhunty's 1974 traverse, clearly 
demonstrating the dimensions of the grooves and depressions. Allen et al. (1986) 
suggested the possibility that a shallow groove had been formed on the floor of Lake Eyre 
South by inflows from the Margaret and Warriner Creeks during the extreme rainfall event 
of January 1984. 
The frequently made assertion that the straightness of the grooves is indicative of recent 
tectonic control, is based on the assumption that they should show some sinuosity, a 
characteristic typical of normal rivers. However, they have virtually no bedload sediment 
Plate 1.1. Oblique aerial view of the Warburton groove in July 1992 when low flow in the 
Warburton Creek maintained shallow water in the groove. View is looking north east 
towards the mouth of the Warburton Creek, across the single large bend in the course of the 
groove (see Fig 1.4). 
Plate 1.1 Warburton Groove 

and flow across an extremely uniform substrate containing a significant portion of soluble 
and semi-soluble salts and consequently most erosion probably occurs by solution. Table 
1.1 illustrates the extremely unusual nature of these features in terms of the parameters 
typically measured in river morphometry. No other streams with similar characteristics are 
known to the author and it seems to be an unlikely assumption to expect normal stream 
characteristics and behaviour in such unusual features. 
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Figure 1.6. East-west sounding traverse, in plan and profile, across Lake 
Eyre North showing location and shape of the Warburton Groove, 
Kalaweerina Groove, Cooper Depression and Neales Depression and the 
dimensions of the two grooves. Traverse line A-B is also shown on Figure 
1.4. Figure is modified from Dulhunty (1977) and the lake floor features are 
drawn from air-photo interpretation by Dulhunty. 
1.2.4 Climate 
Situated in the continental interior, the climate at Lake Eyre is arid and characterised by 
hot summers and short, cool to cold winters. But, as might be expected with such a large 
catchment area that spans several climate zones, there is considerable climatic variation 
from the Cooper and Diamantina headwaters in the far north east to Lake Eyre in the 
south west corner, particularly with respect to rainfall. Table 1.2 lists the mean monthly 
and annual maximum and minimum temperatures and mean and median rainfall for 29 
recording stations across the Lake Eyre catchment and just beyond its boundary. Figure 
1.3 shows the location of the recording stations. 
Mean annual rainfall varies from close to 500 mm in the far north-east to a large area in the 
vicinity of the lake with less than 150 mm with a concomitant marked increase in the 
variability. As indicated from the figures from Burketown (756 mm) and Normanton (919 
mm), there is also a significant decline in rainfall southwards from the coast to the lake 
Eyre drainage divide, despite the lack of physiographic significance of that divide. The 
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Station Climate Record Jan Feb Mar Apr May Jm Jul Aug Sep Oct Nov Dec Year 
parameter length 
CooberPedy MeanMaxT 26 36.2 35.4 32.7 27.4 22.1 18.7 18.4 20.7 24.5 29.0 32.1 34.8 27.7 
29°1' S 134°45'E MeanMinT 26 20.5 20.6 18.1 14.1 10.l 7.1 6.2 7.3 10.0 13.5 16.5 19.2 13.6 
Alt. 215.0 m Mean rainfall 60 18 23 16 6 16 13 8 9 8 14 11 15 157 
Median rainfall 60 5 9 3 2 7 5 3 4 3 6 4 8 133 
Marree MeanMaxT 34 37.8 37 34.l 28.7 23.l 19.7 19.1 21.4 25.2 29.7 33.5 36.2 28.8 
29°39' S 138°3'E MeanMinT 34 21.3 21.0 18.0 13.3 8.9 5.8 4.7 6.2 9.4 13.3 16.8 19.5 13.2 
Alt. 50.0 m Mean rainfall 106 18 20 16 12 14 14 10 9 10 13 11 16 163 
Median rainfall 106 5 6 3 2 7 7 5 6 5 5 5 6 144 
Moomba MeanMaxT 18 37.1 36.6 33.9 28.4 23.7 19.4 19.1 21.7 25.9 29.8 33.7 36.8 28.8 
28°7' S 140°13'E MeanMinT 18 22.9 22.9 19.6 15.0 10.7 6.9 6.2 7.4 10.7 14.7 18.5 21.4 14.7 
Alt. 39.0 m Mean rainfall 18 52 29 14 19 20 12 17 9 9 23 11 25 240 
Median rainfall 18 14 5 4 6 7 5 9 5 3 16 10 6 225 
Oodnadatta MeanMaxT 46 37.5 36.5 33.9 28.2 22.9 19.7 19.4 21.7 25.9 30.2 33.7 36.4 28.8 
27°34' S 135°27'E MeanMinT 46 22.6 22.2 19.3 14.2 9.6 6.5 5.6 7.2 11.0 15.0 18.4 21.1 14.4 
Alt. 113.0 m Mean rainfall 46 28 29 14 11 15 12 10 9 10 13 11 14 176 
Median rainfall 46 9 7 3 3 5 5 2 2 5 6 7 10 137 
Woomera MeanMaxT 42 34.2 33.4 30.4 25.0 20.2 17.2 16.6 18.5 22.0 25.8 29.5 32.3 25.4 
31°9' S 136°49'E MeanMinT 42 19.3 19.1 16.8 12.8 9.3 6.6 5.8 6.6 9.0 12.1 15.0 17.5 12.5 
Alt.165.0 m Mean rainfall 42 16 21 17 13 23 15 17 15 16 15 17 12 197 
Median rainfall 42 9 10 4 7 17 11 12 9 10 9 11 6 188 
Port Augusta MeanMaxT 29 31.9 31.7 29.2 25.0 20.5 17.4 16.8 18.4 21.5 25.0 28.3 30.2 24.7 
32°32' S 137°47'E MeanMinT 29 19.5 19.7 17.6 14.3 11.0 8.0 7.3 8.2 10.4 13.2 16.0 18.0 13.6 
Alt.165.0 m Mean rainfall 31 20 17 14 16 29 22 24 24 25 26 19 15 251 
Median rainfall 31 16 5 8 9 23 20 18 19 18 17 15 8 243 
Broken Hill MeanMaxT 27 32.1 31.6 28.4 23.6 18.8 15.7 15.0 16.7 20.3 24.2 27.9 30.4 23.7 
31°59' S 141°28'E MeanMinT 27 18.6 18.3 15.9 12.2 8.9 6.4 5.6 6.4 8.8 11.8 14.6 16.8 12.0 
Alt. 315.0 m Mean rainfall 95 23 23 21 19 23 22 18 19 20 24 19 20 251 
Median rainfall 95 10 9 10 10 13 15 15 17 12 15 10 8 235 
Tibooburra MeanMaxT 34 35.8 35.1 32.1 27.1 21.7 18.3 17.6 19.9 24.0 28.3 32.0 34.7 27.2 
29°26' S 142°1'E MeanMinT 34 22.2 21.7 18.7 14.1 9.6 6.3 5.3 6.8 10.0 14.1 17.6 20.4 13.9 
Alt.183.0 m Mean rainfall 103 28 29 26 16 18 17 16 13 11 19 14 23 230 
Median rainfall 103 9 10 7 5 7 7 9 7 6 9 7 11 196 
Birdsville MeanMaxT 34 38.6 37.7 34.9 30.1 24.8 21.4 20.5 23.2 27.7 32.2 35.5 37.8 30.4 
25°55· s 139°22'E MeanMinT 34 24.0 23.9 21.2 16.2 11.3 7.8 6.5 8.1 11.8 16.1 19.7 22.3 15.7 
Alt. 47.0m Mean rainfall 94 27 27 19 10 12 11 11 7 6 12 13 16 171 
Median rainfall 94 8 7 5 0 2 3 1 1 1 4 4 5 152 
Soulia MeanMaxT 33 38.6 37.7 35.4 31.8 26.7 23.5 23.0 25.7 29.9 34.2 36.9 38.5 31.8 
22°55' S 139°54'E MeanMinT 33 24.9 24.4 22.1 17.8 13.0 9.2 7.7 9.6 13.5 18.1 21.2 23.5 17.1 
Alt. 157.0 m Mean rainfall 105 47 49 39 14 13 11 10 7 7 15 19 30 261 
Median rainfall 105 26 28 13 1 2 3 1 0 1 7 8 17 208 
Burketown MeanMaxT 29 34.7 34.0 33.7 33.5 31.1 28.5 28.2 30.1 32.5 34.9 36.3 36.1 32.8 
17°45' S 139°33'E MeanMinT 29 25.1 24.6 23.7 21.3 17.5 14.3 13.5 14.9 18.0 21.2 23.9 24.8 20.2 
Alt.5.5m Mean rainfall 100 215 186 157 23 6 6 2 1 2 12 38 108 756 
Median rainfall 100 178 155 97 8 0 0 0 0 0 1 29 73 700 
Charleville MeanMaxT 49 35.0 34.0 31.9 27.5 22.8 19.6 19.2 21.4 25.3 29.4 32.9 34.9 27.8 
26°25' S 146°16'E MeanMinT 49 21.6 21.3 18.8 13.6 8.8 5.3 4.0 5.7 9.3 14.2 17.8 20.3 13.4 
Alt. 302.6m Mean rainfall 49 73 66 66 37 37 21 27 21 21 39 39 53 500 
Median rainfall 49 58 57 46 21 23 15 16 10 10 26 25 42 483 
Cunnamulla MeanMaxT 33 35.8 35.1 32.4 28.2 22.8 19.5 18.7 21.0 25.2 29.6 32.6 35.4 28.0 
28°4' S 145°41'E MeanMinT 33 22.3 21.9 19.2 14.7 10.3 6.9 5.6 7.2 10.6 14.9 18.1 20.7 14.4 
Alt.189.0m Mean rainfall 112 44 51 42 28 30 26 23 18 19 25 27 38 371 
Median rainfall 112 25 30 24 13 17 17 12 12 10 18 20 26 350 
Julia Creek MeanMaxT 21 37.1 36.2 35.2 33.4 29.3 26.5 26.1 29.0 32.1 35.7 38.1 38.5 33.1 
20°39' S 141°45'E MeanMinT 21 23.4 23.5 21.3 17.8 13.9 9.7 8.6 10.7 13.8 18.0 20.9 22.6 17.0 
Alt. 123.0 m Mean rainfall 78 123 108 57 19 16 12 8 2 6 16 29 68 464 
Median rainfall 78 95 89 36 2 2 2 0 0 0 7 17 53 422 
Hughenden MeanMaxT 26 35.4 34.5 33.5 31.2 27.6 24.9 24.8 27.4 30.6 33.9 35.9 36.3 31.3 
20°51' S 144°12'E MeanMinT 26 23.2 23.1 21.3 18.1 14.5 10.3 9.7 11.5 14.8 18.5 21.3 22.7 17.4 
Alt. 324.0 m Mean rainfall 107 119 96 58 27 19 19 12 7 9 21 33 71 491 
· Median rainfall 107 98 77 38 8 5 8 1 0 2 10 23 52 487 
Longreach MeanMaxT 25 37.3 35.9 34.3 31.2 26.4 23.3 23.0 25.3 29.6 33.8 36.3 37.8 
23°26' S 144°17'E MeanMinT 25 23.0 22.5 20.3 16.4 11.8 7.8 6.7 8.1 12.0 16.5 19.5 21.8 
Alt. 192.2 m Mean rainfall 36 80 76 68 45 33 15 24 12 8 23 23 51 
Median rainfall 36 60 45 51 18 16 5 8 3 1 13 14 41 
Mount Isa MeanMaxT 24 36.7 35.4 34.2 31.5 27.4 24.4 24.2 26.8 30.4 34.4 36.4 37.3 
20°40' S 139°29'E MeanMinT 24 24.1 23.5 22.l 18.7 14.3 10.l 8.8 10.6 14.4 18.7 21.7 23.l 
Alt. 343.0 m Mean rainfall 24 99 86 65 17 17 3 9 5 8 20 24 62 
Median rainfall 24 58 62 39 4 8 0 0 1 1 13 14 46 
Normanton MeanMaxT 34 34.9 34.2 34.2 34.0 31.6 29.2 29 .l 31.2 33.8 36.2 37.1 36.4 
17°40' S 141°4'E MeanMinT 34 25.2 25.0 24.5 22.8 19.6 16.2 15.4 16.8 19.7 22.8 25.l 25.4 
Alt.8.0m Mean rainfall 119 262 249 157 31 8 9 3 2 3 10 43 142 
Median rainfall 119 236 228 150 17 0 0 0 0 0 1 33 120 
Quilpie MeanMaxT 34 36.7 36.0 33.3 29.1 23.8 20.4 19.7 22.2 26.5 31.1 34.0 36.2 
26°37' S 144°16'E MeanMinT 34 23.8 23.5 20.8 16.1 11.1 7.5 6.0 7.7 11.6 16.2 19.7 22.2 
Alt.197.0 m Mean rainfall 73 49 46 43 27 29 19 16 13 14 21 27 35 
Median rainfall 73 22 23 21 14 15 13 11 8 5 15 11 20 
Tambo MeanMaxT 34 34.6 33.9 32.l 29.0 24.5 21.4 20.9 23.l 27.0 30.8 33.3 34.7 
24°53' S 146°15'E MeanMinT 34 20.1 19.9 17.4 13.l 8.4 4.7 3.4 5.1 8.7 13.5 16.7 19.0 
Alt. 395.0 m Mean rainfall 110 77 76 61 39 36 29 29 19 19 34 44 65 
Median rainfall 110 63 59 42 18 19 23 18 11 9 21 34 48 
Windorah MeanMaxT 22 38.3 37.0 34.5 30.0 25.4 21.6 21.2 24.0 28.l 32.7 35.5 38.l 
25°26' S 142°39'E MeanMinT 22 24.2 23.9 21.0 16.2 12.0 7.7 6.5 8.1 11.8 16.4 19.7 22.5 
Alt. 126.0 m Mean rainfall 104 41 49 41 21 20 17 15 10 11 19 19 30 
Median rainfall 104 23 24 18 7 8 9 6 4 3 6 8 20 
Winton MeanMaxT 34 37.4 36.5 34.8 32.0 27.4 24.4 24.0 26.6 30.7 34.6 37.0 38.0 
22°24' S 143°2'E MeanMinT 34 23.3 22.9 21.0 17.2 13.0 9.2 7.9 9.3 13.1 17.6 20.7 22 .6 
Alt.182.0 m Mean rainfall 107 83 83 54 23 22 18 16 6 9 18 29 49 
Median rainfall 107 55 60 22 7 6 6 1 1 3 6 19 38 
Alice Springs MeanMaxT 49 36.1 35.0 32.6 27.7 22.7 19.7 19.3 22.l 26.4 30.8 33.6 35.5 
23°49' S 133°53'E MeanMinT 49 21.2 20.6 17.4 12.5 8.2 5.1 4.0 5.9 9.7 14.8 17.9 20.2 
Alt. 546.0 m Mean rainfall 49 36 41 38 14 19 14 16 11 9 21 26 37 
Median rainfall 49 15 14 12 4 8 4 3 2 1 19 19 22 
Ayers Rock MeanMaxT 16 37.5 35.9 33.5 28.8 23.4 20.2 20.3 22.5 26.3 31.4 34.l 36.7 
25°20' S 131°4'E MeanMinT 16 21.1 20.5 17.3 12.4 8.0 5.0 3.5 5.5 9.1 13.6 17.0 19.7 
Alt. 526.0 m Mean rainfall 19 48 46 52 25 22 21 9 13 19 23 34 19 
Median rainfall 19 17 14 28 4 12 5 2 7 14 12 24 11 
Barrow Creek MeanMaxT 24 37.1 35.4 33.4 30.l 25.5 22.6 22.2 25.5 29.2 33.0 35.4 37.0 
21°32' S 133°53'E MeanMinT 24 24.0 23.3 21.2 17.2 12.7 9.3 8.0 10.6 14.3 18.4 21.5 23.3 
Alt. 511.0 m Mean rainfall 117 58 62 43 15 16 12 9 6 8 18 28 38 
Median rainfall 117 38 34 16 2 1 3 0 0 1 7 20 29 
Brunette Downs MeanMaxT 26 37.3 36.7 35.2 33.3 29.8 26.6 26.4 29.5 32.7 36.6 38.0 38.6 
18°38' S 135°57'E MeanMinT 26 24.4 24.l 22.2 19.0 15.1 11.0 10.2 12.4 15.8 20.4 22.8 24.0 
Alt. 218.0 m Mean rainfall 94 106 95 55 14 9 8 5 2 7 14 28 65 
Median rainfall 94 76 57 29 3 0 0 0 0 0 4 20 46 
Ringwood MeanMaxT 16 36.7 35.2 33.2 29.4 23.8 21.0 20.5 23.1 27.2 31.6 34.5 36.3 
23°50' S 134°57'E MeanMinT 16 21.3 20.9 17.7 12.2 8.2 4.9 3.4 5.7 9.3 14.l 17.5 19.9 
Alt. 416.0 m Mean rainfall 37 43 47 so 21 21 15 21 12 8 21 22 35 
Median rainfall 37 19 15 15 5 8 2 2 3 3 18 14 17 
Tempe Downs MeanMaxT 10 37.6 35.4 33.8 28.7 23.0 20.8 20.8 23.l 26.5 31.7 34.0 36.5 
24°23' S 132°25'E MeanMinT 10 20.8 20.2 16.6 11.6 7.9 3.7 1.8 5.7 8.2 13.6 16.8 19.4 
Alt. 518.0m Mean rainfall 100 36 34 29 18 21 15 10 9 9 18 27 32 
Median rainfall 100 15 15 13 3 8 6 1 0 1 11 21 18 
Tennant Creek MeanMaxT 22 37.1 36.1 34.4 31.3 27.4 24.2 24.0 27.3 30.8 34.9 36.6 37.7 
19°38' S 134°ll'E MeanMinT 22 25.0 24.6 23.2 20.l 16.2 12.5 11.8 14.l 17.7 21.7 23.8 25.0 
Alt. 375.0 m Mean rainfall 21 99 95 66 17 8 7 7 2 11 21 33 61 
Median rainfall 21 91 66 40 3 1 0 0 0 4 17 22 44 
Table 1.2. Climatic data for selected stations in and around the Lake Eyre catchment. Location of stations is 
shown on Figure 1.3. Data from the Australian Bureau of Meteorology. Temperature data in °C; rainfall data 
in mm; length of record in years. 
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31.2 
15.5 
458 
452 
31.6 
17.5 
415 
367 
33.5 
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232 
31.8 
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402 
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major feature of the distribution of the rainfall is the pronounced summer dominance in the 
wetter stations in the upper reaches of the catchments. This reflects their location well 
within the zone of influence of the Australian summer monsoon. Summers characterised by 
stronger than normal monsoonal influx to the continent, can result in much higher than 
average rainfall in the catchment, causing significant flooding of the rivers and Lake Eyre 
as happened in 1949-50 and 1974 (Mason, 1955; Allen, 1989). These events have been 
correlated with the La Nina phases of the ENSO cycles (Allen, 1985; 1989). Penetration of 
significant monsoonal moisture beyond the upper reaches of the streams is rare but can 
occur occasionally, especially associated with transient tropical depressions. Such 
systems, which can contain abundant moisture and be strongly convective, can result in 
very significant short-term rainfall events in the vicinity of Lake Eyre itself, as happened in 
1984 and 1989 (Kotwicki, 1987; Allen et al., 1986). The southern portion of the basin can 
be influenced by moisture from fronts associated with low pressure systems of the winter 
westerly circulation. However, these systems are not strongly convective and because there 
is no physiographic interception of moisture, they rarely result in significant quantities or 
intensity of rainfall. Rainfall stations in the vicinity of Lake Eyre reflect these influences 
and show a slight summer dominance, with summer rainfall more irregular but with 
individual events typically larger and of higher intensity than winter rainfall events. 
Mean annual pan evaporation varies from 2400mm in the north-east to more than 3600 at 
Lake Eyre and exceeds rainfall in all months, over the whole basin (Kotwicki, 1987). 
1.3 PREVIOUS INVESTIGATIONS 
E.J. Eyre, in 1840, was the first European explorer to sight Lake Eyre and he was soon 
followed by a number of others, attempting to find a route from Adelaide to the northern 
margin of the continent. The first serious mapping and exploration of the lake itself 
occurred in the 1860's and 1870's with expeditions by Warburton and Lewis, with the 
latter producing a remarkably accurate map of the Lake Eyre region (Lewis, 1876) . 
Geological exploration commenced in the 1880's and 1890's with the collection of fossils 
and description of some stratigraphic sections by Debney (1882) and Brown (1892). These 
forays were followed by the now famous Gregory expedition, down the Cooper and 
Warburton valleys to collect fossils, in the summer of 1901-02. The popular account of 
this expedition (Gregory, 1906) first coined the term 'Dead Heart of Australia'. In the early 
1920's, Halligan was the first geologist to fly over Lake Eyre and record his observations, 
which included the first confirmed presence of water in the lake. This was followed by 
aerial investigation by Madigan in 1929 who also visited the lake on the ground in the 
1930's and carried out the first recorded geological investigations on the playa floor 
(Madigan, 1930 a & b; 1936; 1938). Madigan initiated investigation of sub-surface lake 
sediments with a number of hand augered holes within Madigan Gulf (Madigan, 1930 a) 
and revisited the Lake during his famous camel expedition across the Simpson Desert 
(Madigan, 1946) which travelled down the eastern shore of the lake, before terminating at 
the Marree railhead. 
Despite the firm conclusion by Madigan (1944) that the lake never held significant 
quantities of water, historically unprecedented inflows in 1949-50 flooded the lake to a 
depth of 4.9 m and a volume of 21 million megalitres. This event was a major impetus to 
scientific study and a number of expeditions visited the lake through the 1950's and 
1960's, especially under the leadership of W Bonython (Peake-Jones, 1955; King, 1956; 
Bonython, 1960; 1961, 1963) who greatly extended the investigation of sediments and 
salts within Madigan Gulf (Bonython, 1956). A more systematic examination of sediments 
in Madigan Gulf was undertaken by Johns and Ludbrook (1963) in a transect of four cores 
from the shoreline at Level Post Bay, drilled by the South Australian Mines Department. 
These cores were located on an approximately north-west south-east line, west of the 
central axis of the gulf (see Figure 2.1) . That study aimed to elucidate the entire basin 
sequence back to the Cretaceous and consequently the Quaternary was not examined in 
great detail. Callen (1983) relogged the cores and provided some additional interpretation 
of the Cainozoic sequence. 
In the early 1970's J. and R. Dulhunty began a long association with the lake and made 
many detailed surveys and observations, particularly of the salt crusts, before, during and 
after the great flooding of 1974 (Dulhunty, 1974; 1975; 1977; 1978; 1982; 1989 a & b). The 
1974 flood, which filled the lake to a depth of 6.1 m and a volume of 32.5 million 
megalitres, again added impetus to scientific studies (Bonython and Fraser, 1989) 
including detailed bathymetric contouring of the floor of the lake at 50 cm intervals (Bye et 
al., 1978). In 1982 and 1983 the Salt Lakes Evaporites and Aeolian Deposits (SLEADS) 
project of The Australian National University, drilled a total of eleven cores in the vicinity 
of Madigan Gulf and analysis of those cores was initiated by D. Williams before becoming 
the initial phase of this thesis project (Magee et al., 1995). 
Following reports of fossil finds from late last century (Brown, 1892) and the famous 
Gregory expedition of early this century (Gregory, 1906), vertebrate palaeontologists have 
worked in the region since the 1950s, extensively prospecting the Cainozoic stratigraphy of 
the Tirari and Simpson deserts east and north-east of Lake Eyre. They recognised, named 
and described the Etadunna, Tirari, Kutjitara and Katipiri Formations, described above 
(Section 1.2.2), as widely distributed Cainozoic units in the Lake Eyre Basin and major 
summaries of their work have been published recently (Tedford et al., 1986; Tedford and 
Wells, 1990; Tedford et al., 1992). 
King (1956) was one of the first to recognise beach deposits, at Hunt Peninsula, at 
elevations well above the present playa level. Subsequently Williams (1975) mapped some 
beach ridges on the peninsula. Wells and Callen (1986) reported a series of beach ridges 
and cliff lines at about + 10 m AHD (Australian Height Datum), in the vicinity of Eyres 
Lookout south of Lake Eyre South, and reported a number of radiocarbon dates, from 
partially recrystallized mollusc shells of up to 35,000 years BP, which are clearly minimum 
ages. This work was amplified in the mapping of the Curdimurka 1:250,000 Geological 
Sheet, by the South Australian Geological Survey, which identified a complex array of 
beach features along much of the southern shores of Lake Eyre South (Krieg et al., 1991). 
In 1989 Nanson and Callen initiated a program of TL dating these features (Nanson et al., 
in press) . 
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1.4 METHODS USED IN THIS STUDY 
1.4.1 Field techniques 
This project has mostly utilised natural exposures of sediments in the form of playa-
marginal cliffs, river-marginal cliffs, deflation surfaces, erosion residuals and gully walls. 
For areas lacking natural exposures and for correlation between widely separated 
exposures, hand augering and machine drilling and coring, plus hand-dug and 
mechanically-excavated pits were utilised. All natural and excavated sections were 
cleaned to a fresh exposure, then described and logged in detail in the field. Bag samples, 
sufficient to represent all sedimentary units, were taken for laboratory analysis of texture, 
mineralogy and chemistry. Oriented samples of many sediment types were taken for 
plastic impregnation and thin section preparation. Where appropriate, quartz sand-rich 
units were sampled in opaque tubes for luminescence dating, with associated field dose 
rate measurements obtained with a gamma spectrometer. 
Drilling and coring 
Coring was carried out in Madigan Gulf (8 cores) and Sydney Harbour (1 core) in July 1982 
and February-March 1983 when the Lake was completely dry, following severe drought 
conditions over much of the continent in the early 1980's. Two light four wheel drive 
vehicles and trailers, equipped with wide low-pressure tyres, were used to transport a 
small drill rig and drill string across the boggy groundwater outcrop zone and onto the salt 
crust. Lake Clayton (1 core), Fly Lake (1 core) and Lake Hydra (2 cores) were cored in 
June-July 1991 and Punkrakadarinna (1 core), on the Warburton in October 1991. Coring 
was accomplished by driving 50 mm diameter thin-walled metal tubes into the sediment 
with hollow augers acting as casing. Cores were extruded, scraped clean for initial field 
logging and for selection of the position of luminescence dating samples then wrapped in 
polythene for transport back to the laboratory where they were stored in a cold room while 
waiting to be logged in detail and sub-sampled. To obtain luminescence dating samples, 
the drill rig was re-sited adjacent to the stratigraphic hole, augered to the selected depths, 
and the sample then taken in an opaque sample tube attached to drill string and 
hammered or pushed into the sediment. 
Levelling and surveying 
In studying lacustrine systems, particularly shoreline and beach deposits, establishing 
relative levels to a common datum, of all sites studied, is crucial. In the Lake Eyre region 
there is a large data base of permanent marks levelled to AHD. These include: 
1. Australian Survey Office bench marks which surround the lake, at 5 to 8 km intervals, 
on the Birdsville and Oodnadatta tracks and along the Warburton Creek and Macumba 
River valleys; 
2. Regularly spaced ("" Skm) permanent marks, levelled to an accuracy of± 20 cm, along 
the extensive array of seismic exploration lines in the Tirari and Simpson Deserts east and 
north of the lake; 
3. South Australian Department of Mines and Energy bench marks on a Marree-
Muloorina-Jackboot Bore transect; 
4. Western Mining Corporation, extensive levelling transects and permanent marks in the 
Muloorina area providing multiple high quality datum points in one of the prime regions for 
this study; 
5. The contours of the playa floor, at 50 cm intervals, established by Bye et al. (1978). 
6. Additionally, the playa edge around the southern portion of Lake Eyre is at about -13 
m AHD and some sites, which were very remote from levelled survey marks, were levelled 
to this approximate datum. 
Despite this large data base, levelling of many study sites required transects of up to 15-20 
km (to close survey transects) which necessitated the long-sight capabilities of distance 
measuring equipment as the minimum feasible option. Transects were surveyed using an 
AGA Geodimeter distance measuring instrument mounted on a Wild T2 theodolite and a 
Leica TC1010 (Certified) total station instrument. Some very long transects (up to 35 km) 
were not closed because they would have required a doubling of the transect length, and 
insufficient time was available. In these cases, partial closure was provided by inclusion of 
levelled points at the margin of playas, which provided clear evidence that gross errors 
had not been made. 
1.4.2 Laboratory analyses 
Cores were returned to the laboratory, split, logged in detail, and sub-sampled for 
sedimentological analyses, including oriented samples for plastic impregnation and thin 
section preparation. Bag samples from natural sections and sub-samples from cores were 
used for particle size, after removal of gypsum and soluble salts, by hydrometer analysis 
or Horiba CAP A 300 Particle Size Analyser for silts and clays and sieving of the sand 
fraction. Chemical and mineralogical analyses performed were pH, and the abundance of 
carbonate, sulphate, sulphide and occasionally chloride. X-ray diffraction analyses were 
used to determine carbonate mineral species where sufficient carbonate existed and clay 
mineralogy of most samples. Details of analytical techniques employed are provided in 
Appendix 3. 
1.4.2.1 Chronologic techniques 
Obtaining an accurate chronology for the sediments studied in this project has been crucial 
for its success and has been achieved by the application of multiple dating techniques, 
with frequent cross-calibration. Details of the chronologic methods used in this study, 
including the details of luminescence dating results and date lists for other techniques 
employed, are presented in Appendix 2. 
Deposits which are within the range of radiocarbon dating ( <40,000 years BP), including 
aeolian and playa/ ephemeral-lake sediments, contain minimal quantities of datable 
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carbon and have required the application of accelerator mass spectrometric (AMS) 
techniques. AMS dating of micro-charcoal and pollen, extracted from playa/ ephemeral-
lake sediments, was carried out in conjunction with R. Gillespie and analysed at the DSIR 
facility at Lower Hutt, New Zealand. AMS dating of bird eggshell fragments from aeolian 
sediments was carried out in association with G. H Miller, University of Colorado, and 
samples were analysed at the AMS facility of the University of Arizona. 
Deposits older than about 35-40,000 years BP are beyond the useable limit of 14C dating. 
Luminescence dating of quartz sands is now a widely used and accepted technique that, in 
only a decade of regular use in Australia, has revolutionised our understanding of the last 
300 ka of landscape evolution. Luminescence dating has provided the foundation 
chronology for this project. Optically stimulated luminescence (OSL) was the method of 
first choice, because of the much higher likelihood of zeroing of pre-existing OSL signal in 
water-deposited sediments (in contrast with TL signal which is much less easily bleached). 
OSL dates were processed at the ANU Luminescence Dating Laboratory (LDL), run by Dr 
N . Spooner, which is the leading OSL dating laboratory in Australia. A total of 58 OSL 
dating samples were selected from about 110 taken in the field, and prepared for analysis. 
Due to some lengthy delays in processing the samples, caused by a fire, a flood and a 
number of other less calamitous equipment malfunctions, only 31 of those samples were 
completed in time for inclusion in this thesis. 
Since 1988, Prof G. Miller of the University of Colorado, Boulder, has been successfully 
developing the application of amino acid racemisation (AAR) dating in the Lake Eyre 
Basin and applying the technique to a variety of carbonate fossils, most notably to bird 
eggshell which is close to an ideal system for the technique. This work has resulted in more 
than 500 AAR analyses from the Lake Eyre Basin which have provided an invaluable 
relative dating tool for this project. Calibration of the racemization reaction by 14c, OSL 
and TIMS U /Th dating is progressing rapidly and a preliminary calibration for bird 
eggshell has been provided by Miller (pers comm) for inclusion in this study. This work 
has the potential to provide an enormous data set of numeric ages. 
Results of an initial investigation of the suitability of bird eggshell for thermal ionisation 
mass spectrometry (TIMS) uranium series disequilibrium dating, in conjunction with M 
McCulloch and L Ayliffe of The Australian National University, are also presented. The 
extremely high precision of TIMS U /Th dates offers the potential of resolving the sub-stage 
boundaries in oxygen isotope stage 5. 
1.4.3 Stratigraphic descriptions 
Much of the data gathered for this study are presented as detailed stratigraphic 
descriptions of individual sites. The descriptions are a combination of field observations 
and subsequent laboratory analyses . Results of levelling surveys and chronological 
analyses are also included. For lacustrine, fluvial and aeolian sediment sequences the site 
descriptions are organised into three chapters on a regional basis, the Madigan Gulf region, 
the Southern Tirari Desert between Lake Clayton and Cooper Creek and the southern 
Simpson Desert along the Warburton Creek. However, beach ridge descriptions from the 
whole study area are included together in a fourth chapter with the individual site 
descriptions organised according to beach ridge elevation. 
In each site description, a lithological profile diagram is provided which includes depth-
function results of any chemical or mineralogical analyses and a brief description of the 
sedimentary units. Individual stratigraphic units at each site are labelled, on the diagram, 
with a letter code for ease of relation to the detailed descriptions in the text. For 
simplicity, the units are labelled from the top down, beginning at each site with the letter 
'A' designating the stratigraphically highest unit. Where stratigraphic units can clearly be 
divided into sub-units, a subsidiary number code is used which numbers sub-units 
sequentially down the section from number 'l' (Al, A2, Bl, B2, B3 etc). No correlation of 
units between different sites is implied by correspondence of letter code. At some sites a 
number of individual stratigraphic profiles are described in which the stratigraphic units of 
the whole site are correlatable between profiles and may not all be present in each 
individual stratigraphic section described. In these cases the letter designation refers to the 
complete site stratigraphy, and some individual stratigraphic sections might not have every 
letter from 'A' down to the base. 
Stratigraphic units at each site are described from base to top to conform with the 
sequence of depositional events. Each unit description firstly presents the character of the 
sediment and then provides a palaeoenvironmental interpretation. Accordingly, the unit 
descriptions are provided under sub-headings which are often genetic rather than the 
purely descriptive format used in most formal stratigraphic descriptions. This method is 
preferred as it makes the, sometimes lengthy, stratigraphic descriptions more interesting 
and makes the palaeoenvironmental interpretations, which are the most important aspect, 
more easily visible. Where no clear palaeoenvironmental interpretation is possible, the unit 
description sub-heading is purely descriptive. At the end of each site description, the 
chronology of the site is discussed and a palaeoenvironmental summary provided. 
As mentioned in the previous section, not all the OSL dating results were available in time 
for inclusion in this thesis. As processing is ongoing, the possibility was left open for their 
late inclusion, virtually till the last days of thesis production. Thus some OSL dating 
sample locations are marked on some sections, for which no result is provided. These 
results will be available for inclusion in publications, in the near future. 
1.4.4 Organisation of the thesis. 
Following this introduction, Chapters 2, 3, 4 and 5 consist of detailed stratigraphic 
descriptions of sites which are presented on a regional basis . In those chapters, the 
stratigraphy and sedimentological characteristics of individual units, within a site, are 
accompanied by a palaeoenvironmental interpretation and followed by a discussion of the 
chronology and palaeoenvironmental history for the site as a whole. Chapter 6 looks at 
the correlation between regions and presents a summary of the palaeohydrology of the lake 
over the past 130 ka (in the form of a lake-level curve) and outlines the 
palaeoenvironmental history of the basin through that period. Chapter 7 concludes with a 
comparison between the Lake Eyre record and other Australian sites and the marine 
isotope record. It then looks at the palaeoclimatic implications of the results and suggests 
directions for future study. 
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Appendix 1 contains details of the interpretation of sediment components and facies 
relationships, which provide the basis for the stratigraphic descriptions as well as the 
justification for palaeoenvironmental interpretations made. Appendix 2 contains details 
of the chronological methods employed and outlines the basis by which chronological 
determinations have been made. Both these sections provide essential reference for 
understanding the terminology used in the stratigraphic descriptions in Chapters 2, 3, 4 
and 5. 
Chapter 2. MADIGAN GULF SEQUENCE 
Madigan Gulf is the largest of three large bays at the southern end of Lake Eyre 
North (Fig. 2.1) and is approximately rectangular in shape and about 40 km long and 30 
km wide. The long axis of the Gulf has a north-west south-east orientation. The north-
eastern downwind shoreline is relatively smooth with long gently curving beaches, backed 
by low cliffs where erosion-blunted promontories occur. The south-western margin (Hunt 
Peninsula) and south-eastern margin are more irregular with numerous large and small 
bays, promontories and islands. Despite these larger-scale irregularities, the shoreline itself 
is smoothed by wave action with beaches, bars and spits which line bays, tie islands and 
bar small inlets. To the north-west Madigan Gulf opens to the broad northern expanse of 
Lake Eyre North. However, the opening is narrowed by promontories on each shoreline 
and Brooks Island between them. Silicified lacustrine facies of the Etadunna Formation 
outcrops on the whole of the south-western margin of Madigan Gulf, forming Hunt 
Peninsula, and also outcrops more sporadically on the south-eastern, north-eastern and 
north-western (Brooks Island) margins of the Gulf. All cores within the Gulf bottomed in 
similar material. 
137° 30" E 
-13.0 
-13.5 
• Core sites, 
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Core sites, South 
-:W Australian Mines 
Department 
Fig. 2.1. Madigan Gulf, Lake Eyre, showing the location of drill cores and sites 
mentioned in the text. Topographic contours, in m AHD (Australian Height Datum), 
are from Bye et al (1978). 
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The modern playa environment has been extensively studied by Bonython and co-workers 
(Peake-Jones, 1955; Bonython and Fraser, 1989) and Dulhunty (1986, 1989). As indicated 
by the contours established by Bye et al. (1978) and reproduced in Figure 2.1, the Gulf has 
a shallow dish-like shape with a broad central area below -15 m AHD. At the playa 
margins there is a zone, which is typically about 5 km wide, of red-brown muddy sands 
with a very thin, discontinuous, white coating of efflorescent salt. Inside this zone, at a 
point which corresponds to a level between -13.5 and -14.0 m AHD, the groundwater 
capillary fringe intersects the surface and the first continuous salt crust appears, variable 
in thickness up to a few centimetres and overlying soft wet muds. This zone is thinnest on 
the north-eastern and south-western margins of the Gulf where slopes are greater and 
therefore the proportion of playa surface at the critical level is least. The zone is thicker on 
the south-eastern margin, but is at its widest north of the salt crust, where it corresponds 
to the wide 'slush zone' mapped by Dulhunty (1982). At its margins the salt crust has 
polygonal patterning with growth ridges and minor buckling at the polygon edges. The salt 
crust gradually thickens over a few kilometres towards the centre of the Gulf until between 
-14.0 and -14.5 m AHD it forms a coherent salt crust capable of supporting even heavy 
vehicles. 
The salt crust is known to dissolve in major fillings (Bonython, 1956; Dulhunty, 1977, 
1989). After redeposition as the lake dries, subsequent minor inflows and rain events on 
the playa transport the salt towards the centre of the basin, gradually increasing the 
thickness and density of the crust there (Bonython, 1956). Dulhunty (1974) measured the 
maximum known thickness of 46 cm, in 1972. In 1982 when cores used in this study were 
drilled, the salt crust at core site LE 82/l, near the centre of the basin, was 40 cm in 
thickness, with a similar thickness at core site LE 82/2 (Fig. 2.1). At this time the halite 
crust consisted of a granular highly porous framework of interconnected, approximately 
equant, cubic crystals in the 1-2 cm size range. After breaking through a denser and more 
cemented surface, the connections between crystals were easily broken and a hole readily 
dug with hand tools. Due to the high permeability and porosity of the crust, holes very 
quickly filled with saturated brine to a level very close to the surface. 
Up to 10 cm of black organic sulphide-rich mud underlies the salt crust, particularly in its 
marginal zones where it is thinner. A similar mud was examined in detail at Lake Tyrrell 
by Teller et al. (1982). 
Initial work on the sub-surface sequence consisted of isolated, hand-augered holes within 
Madigan Gulf by Madigan (1930) and Bonython (1956) . A more systematic examination 
of sediments in Madigan Gulf was undertaken by Johns and Ludbrook (1963) in a transect 
of four cores from the shoreline at Level Post Bay, drilled by the South Australian Mines 
Plate 2.1. Williams Point, Madigan Gulf. Capital letter labels indicate stratigraphic unit 
codes used in text and figures, lower case labels indicate lithological characters and 
features. WPau = Williams Point aeolian unit (Unit A); bk = basal lacustrine clay unit 
(Unit L); tr = trench depicted in Plate 2.2 A; pd = platey dolomite layer (Unit K); cg 
elastic gypsum (Unit E); cb = Coxiellada-rich beach sand (Unit B) 
A. Low level aerial oblique of the cliff exposure at Williams Point. 
B. View of the cliff exposure at Williams Point from the playa edge. 
playa floor 
Plate 2.1. Williams Point, Madigan Gulf 

Department. On an approximately north-west south-east line, west of the central axis of 
the gulf, the location of these cores is shown in Figure 2.1. That study aimed to elucidate 
the entire basin sequence back to the Cretaceous and consequently the Quaternary was not 
examined in great detail. Callen (1983) relogged the cores and provided some additional 
interpretation of the Cainozoic sequence. 
The modern playa basin has been incised by deflation into earlier lacustrine sediments 
which occur exposed in playa marginal cliffs and at depth in the playa basin. A variable 
sequence of mostly poorly laminated clayey sands and sandy clays and halite evaporites, 
believed to represent playa environments disconformably overlies the lacustrine gypseous 
clay facies within Madigan Gulf. Accordingly, these playa units tend to vary in a 
concentric fashion paralleling the morphology of the present basin. Brief episodes of 
lacustrine conditions are recorded within this sequence. This pattern allows the 
recognition, in the Madigan Gulf sequence, of four major stratigraphic environments: 
The shoreline cliff zone where lacustrine sediments pre-dating the deflation event are 
exposed. The Williams Point cliff section and Core LE 83/6, at the base of the cliff, which 
together form the most complete section known, are described in detail. 
The playa marginal zone where, playa-marginal sediments post dating the deflation event 
occur including deposits from minor subsequent deflation episodes and beach and 
foredune deposits from ephemeral fillings. 
The peripheral playa zone which extends out to the edge of the salt crust. Core LE 83/3 
which contains the longest record in this zone is described in detail; other playa marginal 
cores are related to it. 
The central playa zone in the centre of the basin where the maximum thickness of salt crust 
occurs. Core LE 82/2, the longest and best dated record, is described in detail. 
2.1 SHORELINE CLIFF ZONE 
2.1.1 Williams Point sequence, Core LE 83/6 and cliff section 
The Williams Point sequence is described from base to top. Table 2.1 summarises the 
stratigraphy and Figure 2.2 presents a log of the section and depth function graphs of 
textural, chemical and mineralogical analyses. Plate 2.1 shows a low-level aerial view and 
a ground view of the site. 
Basal transgressive sands (Unit M 1-3): In Core LE 83/6 the basal transgressive sand can 
be divided into three distinct sub-units. The basal 3 cm (Sub-unit M3) consists of light 
grey, medium sand with ooids, rounded quartz and reworked Etadunna Formation grains, 
commonly coarse sand-sized. Reflecting the abundance of reworked Etadunna material, 
dolomite is the only carbonate present and palygorskite is the dominant clay mineral with 
minor kaolinite present. This is overlain by 29 cm (Sub-unit M2) of grey and light-grey, 
well-sorted, fine sand and clayey fine sand. Quartz is the most common clast with less 
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UNIT TOP THICK- COLOUR TEXTURE SANDS CLAYS CARBONATE GYPSUM STRUCTURE DEPOSITIONAL 
m AHD NESS ENVIRONMENT 
(cm) 
Al +3.Sm ~ 100 Light Clayey 80% 15%K,l,M/I 4%LMC Primary - abraded Dense cemented Soil formed on 
yellow Sand Quartz Clay Pellets Ooids, Shell discoidal crystals secondary gypsum. gypsum-rich 
2.SY 7 / 4 fragments, Eggshell Secondary - Polygonal patterns and dune, arid 
intergrown rhizomorphs climatic 
microcrystal line conditions 
A2 =SSO Light Sand 70-90% 3-1S% K,l,M/I 3-4% IMC Discoidal sand-sized Planar Junette bedding. 
Yellow Quartz Clay Pellets Ooids,Shell abraded and Gypsum rhizomorphs Playa marginal 
SY7/3 increasing up fragments. corroded dune 
profile Decreasing up 
orofile 
B -3.07 20-30 Light grey Sand %~x, Absent 15% LMC Shells, Absent Coquina Beach sand 
(up to 100) SY7/ 2 Quartz ooids, Rare fish & Coarse laminae with Brackish lake 
bird bone, eggshell variable shell content 
c -3.23 so Greyish Sandy Quartz Clay matrix Ostracodsi oogonia Secondary: rosettes of Blocky soil structure Lake sedirnen ts, 
olive day displacive discoidal Deflation surface Pedogenesis 
SY6/2 crystals under arid 
climatic 
conditions 
D -3.73 2S Light Sand Quartz Absent Ooids, ostracods, Absent Non-laminated Transitional from 
Yellow shell fragments Fines upward shallow saline to 
2.5Y7 /3 deeper brackish 
E -3.97 130 Greyish Sand, 10-90% 3-72 % Thin 2-18%IMC Fine sand-sized Sands cross stratified Shallow water 
olive clayey Quartz oriented clay Ooids, ostracods, elastics, impure, Gypsum ripple cross oscillating saline 
SY6/2 sand laminae. Rare shell fragments, recrystallized, stratified and brackish 
clay pellets grain coatings cemented Clay drapes conditions 
F -5.28 110 Light Sand 84-%% 1-10% 2-18% IMC Ooids, Absent Planar lamination Shallowwter 
yellow Quartz K,l,M,M/I shell fragments Irregular cross lamina ti on brackish 
2.SY7/3 
G -<i.38 60 Olive Sands, 84-97% 2-10%K,I,M 8-20%IMC Fine sand-sized Sands occasionally Oscillating saline 
yellow clayey Quartz Oriented clay Ooids, algal mat elastic prismatic cemented by algal mat shallow water 
Light sands laminae micrite Rare in situ prismatic carbonate. Gypsum Occasionally 
yellow ripple cross stratified. deeper 
SY6/3 Desiccation cracks in day Occasionally dry 
2.SY 7 /4 laminae 
H -<i.97 30 Greyish Clay Absent Non-Oriented Discrete micritic Absent Finely laminated Deep water fresh 
olive crystals, very rich in to brackish 
SYS/2 some layers 
I -7.28 160 Light Sand, clay 1-97% 1-87% 3-12%IMC Absent Sand poorly laminated Shallow water 
yellow Quartz, K,l,M,M/I Ooids, micritic algal Thin clay laminae brackish 
2.SY 7 /4 Etadunna Non-oriented grains, ostracods, Occasional deeper 
dolomite shell fragments water 
J -8.88 97 Greyish Sand, 10-97% 2-74% 4-10% LMC, Tr Doi Absent Poorly laminated Shallow water 
olive clayey Quartz, K,l,M,M/I Reworked dolomite, brackish 
SY5/3 sand, clay Etadunna Non-oriented ooids, discrete Rare deeper water 
dolomite micri te in clays 
K -9.87 1-2 Light grey Absent Absent 95%Dol Absent Angular blocky crystals Possible 
2.SY 8/2 Dense cemented dolomitised algal 
micritic dolomite mat 
Ll -9.8S so Greyish Sandy 3-S% 60-80%KM>I 8-25% IMC Secondary: large Colour lightens upward Transitional from 
olive clay, clay, Quartz Ooids, ostracods, fish discoidal in cracks TextUie & lamination deep water to 
5YS/2 sand spines, shell coarsen upwards shallow water 
fragments Large desiccation cracks oxidizing 
from surface conditions 
L2 315 Dark Clay Absent 80-90% K,M>I 11-45% IMC Large discoidal Extremely fine lamination Deep water 
green and Finely Thin laminae of crystals associated salinity stratified 
blue grey laminated with white micritic low with sulphur nodules lake, strongly 
5BGS/l sulphides -Mg Calcite reducing 
SGY5/ l conditions 
L3 276 Dark Clay Absent 80-90% K,M>I 3-24% LMC, Tr Doi Thin laminae of Finely laminated Deep water saline, 
green and Finely Rare white micritic "settled" fine Gypsum laminae nQt reducing 
blue grey laminated with low-Mg Calcite prismatic rippled conditions 
SBC S/l sulphides laminae 
SGYS/l 
MI -16.26 79 Light grey Sandy 5-10% 80-90% 5-26% LMC, Tr Doi Sand-sized discoidal Poorly laminated Transitional from 
Olive grey day Quartz K,M/l,l>P Oogonia, ooids, fish transgressive 
SY 5,6,7/1 bones, ostracods sands to deep 
SGY 4,5/l water conditions 
M2 29 Grey Fine sand 10-15% 70-80% 14% Doi, Tr LMC Occasional sand-sized Poorly laminated Shallow water 
Light grey Clayey Quartz K,M/l,l>P Reworked dolomite discoidal transgressive 
SY 6,7,8/ l fine sand Etadunna sands 
dolomite 
M3 3 Light grey Medium Quartz P>K 61% Doi Absent Non-laminated Shallow water 
SY8/l sand Etadunna Reworked dolomite transgressive 
dolomite sands 
N ETADUNNA 
FORMATION 
Table 2.1. Summary of the sedimentary components and stratigraphic units of the Williams Point cliff sequence and Core 
LE 83/6. In Sand and Clay columns,%= weight per cent of that textural category. Clay Mineralogy: K = kaolinite; I= 
illite; M = montmorillonite; M/I = interlayered montmorillonite and illite; P = palygorsk.ite. Carbonate mineralogy: LMC = 
low-magnesium calcite; Doi = dolomite; tr = trace. 
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common charophyte gyrogonites and Etadunna Formation grains. Similar to the basal 
sand, dolomite is the only carbonate and palygorskite the dominant clay. 
The upper sub-unit (Ml) consists of 79 cm of light grey and olive grey, poorly laminated, 
clayey, gypseous sands, poor in quartz but rich in gypsum and charophyte gyrogonites. 
This unit appears to be transitional to the overlying finely laminated lacustrine clays. 
Gypsum consists of sand-sized, discoidal, hemi-pyramidal crystals and possible prismatic 
crystals which are probably both reworked as elastic components. The charophyte 
gyrogonites are well preserved with spiral ornamentation and a black organic coating. 
Occasional ooids, ostracods, fish bones and micro-charcoal grains occur. Dolomite is the 
dominant carbonate, with some low-magnesium calcite present. Clay minerals are 
dominantly kaolinite or illite with minor palygorskite. 
Laminated lacustrine unit (Unit L 1-3): The laminated lacustrine clay unit is a thick 
sequence in Core LE 83/6 which can be sub-divided into three distinct sub-units, with no 
disconformity evident at the boundaries. The unit is extremely finely laminated with clays 
characterised by dark green-grey and blue-grey colours (Plate 2.2A). Sand content is low, 
generally less than 3%. The unit is generally clay-rich with a mean content of 80.3 ± 10.5 % 
clay with variable silt. Interlayered montmorillonite/ illite occurs in the upper portion of 
Core LE 83/6; a trace of palygorskite at the base probably represents reworked Etadunna 
material. Carbonate fossils, including ostracod valves, charophyte gyrogonites, mollusc 
shell fragments and fish bones and spines, occur occasionally throughout the unit 
particularly in the sandier laminae in the upper portion of the core (above -10.35 m AHD). 
The lower sub-unit (L3) consists of 276 cm of very finely interlaminated dark clay and 
white gypsum layers lacking ripple cross-lamination. Low-magnesium calcite occurs 
throughout. Discrete carbonate laminae are very rare and carbonate abundance is low 
( <5.0 %) except below about -15.15 m AHD where it increases to about 15%, occurring as 
disseminated low-magnesium calcite and a trace of dolomite. 
In the middle sub-unit (L2) of 315 cm gypsum laminae are absent. It consists of very finely 
interlaminated dark clay and laminae of whitish micro-crystalline low-magnesium calcite. 
This sub-unit is richer in montmorillonite and poorer in illite, has a higher pH and lower 
sulphide content and no dolomite by comparison with the lower sub-unit. Rare nodules of 
sulphur associated with gypsum were found in the upper portion of this sub-
Plate 2.2. Basal units, Williams Point, Madigan Gulf. Capital letter labels indicate 
stratigraphic unit codes used in text and figures, lower case labels indicate lithological 
characters and features. bk = basal lacustrine clay unit (Unit L); pd = platey dolomite 
layer (Unit K); cl = carbonate laminae. 
A. Trench dug into the top of the basal lacustrine clay at Williams Point. Spadework has 
smeared the wet clays, partially obscuring the very fine lamination. 
B & C. SEM photographs of the platey dolomite layer (Unit K) bar graphs at top of 
photographs indicate the scale (B: 20 µm; C: 2 µm). The dolomite is dense and pure, 
consisting of grains in the 5 - 2 µm range. The euhedral nature of the crystals (Plate C) 
contrasts with primary Etadunna Formation dolomite, Plate 3.8, and reworked Etadunna 
Formation dolomite, Plate 3.7. 
Plate 2.2. Williams Point, Madigan Gulf 

unit. Sulphur nodules at an identical stratigraphic position at Sulphur Peninsula, 12 km 
north-east of Williams Point (Bonython and King, 1956) were attributed to bacterial action 
by Baas-Becking and Kaplan (1956). 
The dark colours, the presence of sulphides and elemental sulphur and the good 
preservation of whole fossil fish in the Williams Point finely laminated lacustrine sequence 
are all features characteristic of strongly reducing conditions, presumably due to salinity 
stratification. This implies a saline water body of sufficient depth to prevent wave 
induced mixing. The absence of gypsum above -13.5 m AHD and the coincident increase 
in abundance of carbonate layers does not necessarily imply a freshening of the lake. In 
fact, the lake still appears to have been stratified with strongly reducing bottom 
conditions, which must have required a highly saline bottom layer. Neev and Emery (1967) 
reported layers of calcite in the modern Dead Sea sediments which were forming due to 
replacement of gypsum which crystallised at the lake surface by low-magnesium calcite, 
due to the activity of sulphate-reducing bacteria. A similar process may have operated at 
Lake Eyre during deposition of this middle sub-unit. 
The upper sub-unit (Ll) of 50 cm contains occasional thin sand partings, consisting of 
clean fine quartz sand commonly containing ooids, fish spines, ostracods and mollusc shell 
fragments. Lamination is less evident, the sediment is sandier and the colours much lighter 
towards the top . This represents a shallowing of the lake towards the top of the unit and 
a trend towards the replacement of deep-water reducing conditions with shallow water 
oxidising conditions. The sub-unit contains large (approximately 40 cm) cracks which 
extend down from the upper surface of the unit and are filled with large displacive 
discoidal secondary gypsum crystals. These desiccation cracks indicate that the lake dried 
after deposition of the laminated lacustrine unit. 
Platy dolomite (Unit K): A thin (1-2 cm) dense, cemented dolomite layer consisting of very 
uniform dense micritic crystals which, despite its thinness, is sufficiently well cemented to 
maintain a major bench low in the cliff profile. Its thickness and setting suggest an 
interpretation as a dolomitized microbial mat (Magee, 1991) although positive evidence for 
this interpretation is lacking. SEM analysis of the dolomite indicates it consists of 
euhedral blocky crystals (Plates 2.2 B & C). 
Cliff section lacustrine units (Units B-J): This sequence includes 618 cm of lacustrine 
sediments consisting of mostly nearshore sands with occasional interludes of deep water 
clay deposition and of elastic gypsum evaporites (Plate 2.3). Pedogenesis near the top of 
the sequence is evidence of a break in lacustrine deposition, and the sequence is capped by 
a brief return to lacustrine conditions, marked by a beach coquina unit. 
Shallow water deposition is marked by olive grey clayey sands and clean sands (Units J, I, 
F and D), with sand content generally greater than 90%. Sands are calcareous with ooids, 
micritic algal grain coatings and rounded dense micritic grains. Whole and fragmented 
mollusc and ostracod shells occur throughout and are very rich in some laminae. 
Lamination is generally poorly developed, although some irregular cross-stratification is 
evident in Unit F. Occasional thin clay-rich laminae indicate brief periods of deeper water 
conditions. Gypsum is absent. 
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Unit H indicates a prolonged period of deep-water fresh to brackish conditions with 
deposition of 30 cm of dense green-grey, finely interlaminated clays and thin white 
carbonate rich layers up to 1 cm thick. Sand-sized grains are very rare; gypsum is absent. 
Interlaminated calcareous sands and elastic gypsum/ oriented clay laminites (Units G and 
E) represent deposition in an oscillating, mostly saline lake with shallow water reworking 
of evaporites. Sands are clean, quartz-rich and calcareous with ooids, irregular micritic 
algal grain coatings, rounded dense micritic grains and ostracod and mollusc shell 
fragments. Micritic algal mat carbonate occurs cementing sands in occasional layers; 
micro-coquinas of ostracods and shell fragments occur rarely. 
Gypsum layers dominantly consist of fine sand-sized, elastic, prismatic crystals with 
micro-lamination and occasional ripple cross lamination. In Unit E gypsum layers are 
clearly fine sand-sized elastics but are impure, with quartz, ooids, ostracod and mollusc 
fragments reworked with the gypsum crystals. Many of the gypsum layers show evidence 
of recrystallization with the development of large intergrowths. This has resulted in a high 
degree of cementation of the gypsum layers. In Unit E some layers of in situ prismatic 
crystals with parallel vertical orientation, evidence of prolonged growth attached to the 
substrate, indicate prolonged conditions of constant salinity (Magee, 1991). Thin laminae 
and drapes of oriented clay, commonly disrupted by shrinkage cracks, occur and are 
interlaminated with the elastic gypsum layers. 
Unit C contains 50 cm of grey-brown lacustrine sandy-clay, with ostracods and 
charophyte gyrogonites, in which sedimentary structures have been destroyed by 
pedogenesis. The clays have well developed vertical cracks and subsidiary horizontal 
cracks, resulting in a blocky structure. Small rosettes of secondary gypsum occur 
throughout the unit, which was clearly subjected to sufficient subaerial exposure and 
leaching by meteoric water to produce these pedogenic features . The presence of 
secondary gypsum indicates limited moisture availability, suggesting a climate similar to 
that of today. The upper boundary of the unit is sharp and irregular; when exposed by 
excavation, its surface displays rounded pebbles with desert varnish and evidence of sand 
blasting by wind. Such features are similar to those currently found on deflation exposures 
in the region; they suggest that the soil unit was eroded by deflation under dry climatic 
conditions before burial by the next unit. 
Plate 2.3. Cliff lacustrine units, Williams Point, Madigan Gulf. Capital letter labels 
indicate stratigraphic unit codes used in text and figures, lower case labels indicate 
lithological characters and features. cg = elastic gypsum; 
A. View along the Williams Point cliff exposure with elastic gypsum layers in the 
foreground . The weakly-developed pedogenic zone (Unit C) and Coxiellada-rich beach 
sand (Unit B) are visible at the top of the cliff face. 
B. View of the upper portion of the Williams Point cliff exposure. Blocky pedogenic 
structure in Unit C is evident. Round holes in section are sites of OSL samples and 
associated gamma spectrometry readings. 
Plate 2.3 Williams Point, Madigan Gulf 

Disconformably overlying the soil horizon is a coarse shelly beach-sand unit (Unit B). The 
unit is very sandy with less than 4% clay and silt. Sand grains consist of rounded quartz, 
many with carbonate coatings, ooids and shell fragments. Whole or nearly whole shells, 
dominantly the gastropod Coxiellada gilesii but including rare Corbiculina sp. bivalves, are 
sufficiently concentrated in som·e horizons to constitute a coquina (Plate 2.4 A & B). The 
thickness of the unit is typically 20-30 cm, but it can vary from being absent to almost 1 m 
thick in some sections of the cliff. At Shelly Point (locality M of King, 1956) the next major 
shoreline point west of Williams Point, and on nearby Shelly Island, the Coxiellada beach 
sand unit exceeds 1 min thickness. In these thicker exposures, there are usually a number 
of discrete coquina horizons 10-20 cm in thickness separated by sands rich in shell 
fragments . The sands also contain other less common components, including fish spines 
and vertebrae, bird eggshell of a large non-ratite waterbird (possibly pelican), and bird 
bone fragments which are believed to be associated with the lacustrine environment and 
are therefore contemporaneous with beach formation. Also occurring are rare fragments of 
eggshell of the extinct mihirung bird Genyornis newtoni and pebbles with desert varnish, 
which are both believed to be reworked from the deflation surface of the underlying clayey 
soil. 
Playa marginal aeolian unit (Unit A 1-2): Overlying the Coxiellada-rich beach sands are up 
· to 6.5 m of gypseous aeolian sands, with a truncated well-developed soil horizon (Sub-unit 
Al) at the top containing secondary gypsum in a variety of forms (Plate 2.4 C). The unit 
contains at least 75% sand and grains consist of medium and coarse components similar to 
the underlying beach and nearshore sediments, but with the addition of clay pellets and 
discoidal hemipyramidal gypsum crystals. Bulk carbonate content is up to 4% low-
magnesium calcite. Sand-sized grains include rounded quartz, ooids (commonly 
fragmented), rounded dense micritic carbonate grains and rare shell fragments. 
Clay pellets occur through much of the unit, abundant in the upper horizons. They are 
usually smaller than the associated grains and are commonly ragged and elongate, 
suggesting short distance transport from a source nearby. Sand-sized discoidal gypsum 
crystals occur throughout the unit, commonly abundant, especially in the upper part of the 
unit. Some gypsum crystals show solution corrosion particularly in the lower part of the 
unit where there is little or no secondary gypsum. In the middle and upper portion of the 
unit, where secondary gypsum is abundant in the cliff profile, corrosion of grains is 
apparent but many grains show some secondary overgrowth. Patches of intergrown small 
secondary discoidal gypsum crystals occur. In the cliff profile secondary gypsum at the 
top forms a massive dense cemented horizon with polygonal patterns and rhizomorphs 
which extend down with decreasing size and abundance towards the base of the unit. A 
wombat skull and occasional fragments of emu as well as Genyornis eggshell have been 
found in situ in this unit. 
The aeolian sands contain beach and nearshore quartz and carbonate sands mixed with 
clay pellets and discoidal gypsum, produced by deflation from the playa floor of salts and 
sediment disrupted by efflorescence at the capillary fringe of the saline water table. The 
nearshore and beach sands which are more prominent in the lower portion of the unit, are 
probably reworked from beach sands behind a regressive shoreline of a shrinking saline 
water body. As the lake dried and groundwater-controlled deflation of the exposed playa 
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floor became dominant, clay pellets and discoidal gypsum increased in relative abundance. 
The building of the dune is therefore associated with the last part of a lacustrine period 
and the onset of a playa deflation stage. The upper day-pellet- and gypsum-rich portion 
of the dune has sub-horizontal lamination typical of lunettes (Bowler, 1973; 1983). 
However, Williams Point is on the upwind margin of the lake rather than in the downwind 
zone of lunette deposition, and the dune does not have a typical lunette morphology. The 
morphology and cross section of Shelly Island (Fig 2.8) and Williams Point suggest 
derivation of the deflated sediment from the large bays to the south west of each site 
which implies a different wind regime than associated with the regional dune fields. 
Aeolian sediments with similar characteristics, stratigraphic setting, chronology and well 
developed secondary gypsum horizon are widespread in playa-marginal sites around Lake 
Eyre. The lateral extent, the setting and synchroneity of these deposits strongly suggests 
that the deflation event which produced them was responsible for excavating the Lake 
Eyre playa much as we see it today. Because of the widespread occurrence and 
significance of these sediments they are informally named the Williams Point aeolian unit as 
it is in the Williams Point sequence that the unit has been first identified, dated and 
examined in detail. 
The soil horizon developed on the Williams Point aeolian unit has been truncated by 
deflation to the gypsum cemented horizon which on the surface above the cliff shows a 
pattern of polygons up to 2-3 m across separated by ridges a few cm high. Lying on the 
deflation surface are wind eroded and desert varnish coated angular silcrete pebbles, some 
of which might be stone artefacts, and numerous angular fragments of bird eggshell, from 
both emu and Genyornis. Although not differentiated on Figure 2.9 or included in the 
stratigraphic log (Fig. 2.2) or tabulation of stratigraphic units (Table 2.1), there are younger 
aeolian materials which overlie the Williams Point aeolian unit at Williams Point. On the 
gypcrete surface above the cliff is a thin discontinuous unit of slightly cemented orange 
sand, which is often only a few cm thick and occurs within the polygons. In other places 
the unit is 10-20 cm thick and almost completely covers the irregular gypcrete surface. 
Only emu eggshell is found in situ, including a remarkable find of two whole eggs, which 
Plate 2.4. Upper units, Williams Point, Madigan Gulf. Lower case labels indicate 
lithological characters and features. pc =gypsum filled polygonal cracking; rz = gypsum 
rhizomorphs; gs = surface gypcrete. 
A & B. The Coxiellada-rich beach sand (Unit B) at the top of the cliff. The view along the 
cliff (Plate B) indicates the great abundance of Coxiellada gilesi in this unit which is up to 30 
cm thick at Williams Point. A close view of the unit in section (Plate C) shows internal 
bedding, with variation between layers rich in shells and shell fragments and layers 
consisting dominantly of quartz sand. An in situ fragment of Genyornis eggshell (Ge) is 
shown at the base of the unit. This fragment (and others found in equivalent stratigraphic 
position) are believed to have been reworked from the underlying truncated soil surface, 
although the fragment shows minimal evidence of abrasion. 
C. The middle and upper portions of the Williams Point aeolian unit (Unit A) which 
occurs above the main cliff face. The middle portion of the unit (behind spade) shows well 
developed sub-horizontal lamination The upper portion is modified by a well-developed 
secondary gypsum horizon and is truncated to the secondary gypsum zone which forms a 
surface gypcrete. 
Plate 2.4 Williams Point, Madigan Gulf 

were clearly unhatched and unpredated remnants of a nest which was buried by aeolian 
deposition. This orange sand unit clearly post-dates the deflation and truncation of the 
secondary gypsum horizon of the Williams Point aeolian unit and it might represent 
remnants of the upper portion of that pedogenic horizon which were mobilised and 
redeposited during the deflation event. However, the orange sand unit is very thin having 
also been mostly removed by deflation and its characteristics have not been studied in 
detail. 
Overlying the orange sand, often associated with chenopod bushes, are mounds and 
coppice dunes of more recent sand, which tends to become more continuous away from the 
cliff. This sand also contains occasional emu eggshell fragments. 
2.2 PERIPHERAL PLAYA ZONE 
Cores LE 82/3, LE 83/1 and LE 83/3 are located in the playa marginal zone (Fig. 2.1). 
Cores LE 83/l and LE 83/3 are located at the south-eastern margin of the salt crust, 8.7 
km and 3.7 km respectively from the shore at Level Post Bay, and Core LE 82/3 at the 
north eastern margin of the salt crust, 3.3 km from the shoreline. Core LE 83/3 provides 
the longest and most complete sequence of playa sediments; its characteristics are detailed 
in Table 2.2 and Figure 2.3. Core LE 83/l is located at the northern margin of Kunoth 
Shoal. This large irregular area of relatively clean sands underlying thin salt crust occurs 
at the south-eastern margin of the Gulf, about 2.5 km north-west of the tip of Sulphur 
Peninsula (Fig. 2.1). The surface of the Shoal is slightly higher than the surrounding playa 
floor and it has a tessellated appearance with pronounced irregular polygonal patterning 
to the thin salt crust, with buckled upturned polygon edges (Madigan, 1930; Bonython, 
1956; Johns and Ludbrook, 1963). The unusual surface salt crystallisation features are 
probably due to local hydrological effects from the elevation difference and the greater 
permeability of the sandy substrate. 
2.2.1 Core LE 83/3 
Basal transgressive sand (Unit H): Overlying the Etadunna Formation at -18.53 m AHD is 
89 cm of poorly laminated olive, green and blue grey clayey sand and sandy clay. Sand 
grains consist of quartz and some reworked Etadunna dolomite and are rarely larger than 
medium sand-sized. Gypsum is common, occurring as medium and coarse sand-sized 
hemi-pyramidal discoidal crystals, commonly concentrated in layers. In this unit they are 
believed to be mostly reworked as elastic components, particularly where concentrated in 
laminae. Many of the gypsum crystals have iron sulphide framboids with metallic lustre 
along cleavage planes. These result from the action of sulphate-reducing bacteria which 
gain access along cleavage planes to faces parallel to (010) which contain sulphate ions 
(Magee, 1991) . 
Laminated lacustrine unit (Unit G): Overlying the basal transgressive sands is only 17 cm of 
very finely laminated (millimetre scale and finer) clay and fine sand to silt-sized gypsum 
commonly showing ripple cross stratification. Other than reworked authigenic 
precipitates, elastics coarser than clay-sized are extremely rare with sand and silt usually 
less than 20%. The relative abundance of clay minerals varies but illite is usually least 
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UNIT TOP THICK- COLOUR TEXTURE SANDS CLAYS CARBONATE GYPSUM STRUCTURE DEPOSITIONAL 
m AHO NESS FACIES 
(cm) 
A -14.5 5 Black Clayey 72% 22% 1-2% 1.5% Discoidal Poorly laminated Sulphide mud under 
sand Quartz displacive thin salt crust 
B -14.55 45 Greyish Sandy 1-20% 55-78% 2-7.5% 1-32% Laminated. Ephemeral & shallow 
olive clay, Clay Quartz Dense calc Non- Ooids, algal micrite, Clastic prismatic and Desiccation cracks in saline evaporites and 
5Y5/3 oriented. Non- shell fragments, abraded discoidal. clay laminae. Matrix detrital influx. 
calc oriented. Ostracods. Secondary: reorganization - cutans Occasional drying and 
Pelletal Secondary: rare intergrown & domains. Secondary pedogenesis. 
patches microcrystalline. Gypsum & carbonate. 
c -15.0 40 Brown Sandy 1-12% 67-80% 0-1% 1-37% Laminated at base. Some ephemeral and 
7.5YR5/6 clay, Clay Quartz Dense calc Non- Algal mat layers with Clastic prismatic. Upper disrupted, non- shallow water. Dry 
oriented. Non- gypsum and Discoidal corroded laminated & pelletized playa groundwater 
calc oriented. ostracods with matrix processes. Occasional 
Pellets (in situ reorganisation pedogenesis - dry 
disruption) 
D -15.4 15 Greyish Sandy 9% 81% 1% Clastic prismatic. Gypsum graded and Shallow water & 
olive clay Quartz Dense calc Non- Ooids, algal mats, Discoidal corroded rippled with clay ephemerally flooded 
5Y6/2 Etadunna oriented. Non- rare shell fragments Fe sulphides oxidized drapes & intercalations playa. Dry playa 
dolomite calc oriented. components reworked 
Pellets from underlying unit 
E -15.55 154 Dull Sandy 11-45% 29-77% K,M/I =1% 2-8% Non-laminated Prolonged dry playa 
brown mud Quartz Clays disrupted Large (up to 6mm) Matrix disrupted, phase. Groundwater 
7.5YR5/4 Etadunna and pelletized discoidal corroded pelletized and and pedogenic 
dolomite and rarely broken reorganized (grain processes, oxidizing 
Secondary: patches of cutans). Voids & conditions 
small intergrown secondary gypsum 
discoidal 
F -17.09 38 Yellowish Sandy 15% 54% K,M/l>M 1 % Isolated micrite in 5% Laminated lower Shallow water 
brown mud Quartz, Dense calc non- clays Sub-vertical discoidal . grading to upper non- ephemerally flooded 
2.5Y 5/4 Etadunna oriented. Reworked abraded & laminated. Desiccation with reworked dry 
dolomite Disrupted corroded discoidal cracks and burrows. playa components 
pelletized 
G -17.47 17 Grey Clay 2-3% 77%K,l>M 0-1.5% 5-27% Very finely laminated. Shallow water 
5Y7/1 Fine sand & silt-sized Gypsum rippled. evaporites 
dastic prismatic Detrital layers graded. 
H -17.64 89 Olive, Clayey 31-70% 21-60% 1-7.5% Dol 1.5-26% Poorly laminated Shallow water 
green& sand, Quartz K,l>M Reworked Etadunna Discoidal commonly transgressive sand 
blue grey Sandy Etadunna reworked, with Fe unit. 
5Y6/l clay dolomite sulphides 
5G5,6/1 
5BG 5/1 
I -18.53 ETADUNNA 
FORMATION 
Table 2.2. Summary of the sedimentary components and stratigraphic units of peripheral playa sequence in Core 
LE 83/3. Clay Mineralogy: K =kaolinite; I= illite; M = montrnorillonite; M/I = interlayered montrnorillonite and illite; 
P = palygorskite. Carbonate mineralogy Dol = dolomite. 
42 
abundant. Carbonate content is very low (<1.0%) or absent. Gypsum laminae are 
generally less than 1.0 mm in thickness, commonly ripple cross-stratified and usually 
white, but occasionally rusty brown or orange. A sharp transition from the dominantly 
dark greenish and bluish grey (SG, SBG) to more oxidised yellowish brown and greyish 
olive colours (2.SY, SY) occurs in the upper portion of the unit. This transition probably 
relates to the level of oxidation from the truncated top of the unit rather than being of 
stratigraphic significance. 
Playa units (Units A to F): Abruptly overlying the laminated lacustrine unit are cycles in 
which sediments of an ephemerally flooded playa phase, consisting of laminated olive grey 
sandy mud interlaminated with thin fine sand laminae and gypsum-rich layers, grade to 
non-laminated brown gypseous sandy muds of a dry playa phase. 
The base of this sequence (Unit F) consists of a thin (38 cm) unit of laminated brownish 
olive-grey gypseous sandy mud, which grades into the overlying massive brown dry playa 
facies unit. Sand grains include fine and medium quartz and reworked Etadunna 
dolomite, with rare coarse grains. These sediments are interlayered with clay layers, 
occasionally dense and calcareous, commonly disrupted and pelletised and containing 
sub-vertical displacive discoidal gypsum crystals. Some clay layers show cracks opening 
from the upper surface filled with sandier material, clear evidence of drying and sub-aerial 
exposure. Clay pellets and discoidal gypsum crystals are commonly found reworked and 
incorporated into sand layers, with the gypsum crystals broken and corroded. This unit 
represents an oscillation between shallow ephemeral flooding and dry playa conditions 
with a mixture of both surface water deposits and sediment disruption due to 
groundwater processes. It represents an ephemerally flooded playa phase which is 
transitional from lacustrine conditions to playa conditions. 
Overlying the ephemeral phase unit is a relatively thick (154 cm) unit of massive brown 
sandy mud (Unit E). The unit tends to have more clay in the upper part. Sands are poorly 
sorted and vary from angular to well rounded quartz and reworked grains of Etadunna 
dolomite. Irregular large voids occur commonly and the clays are mostly pelletised into 
irregular ragged aggregates, suggesting in situ disaggregation of the matrix. There is also 
some evidence of matrix organisation around grains. Carbonate content is low. Gypsum 
occurs as large (up to 6 mm) displacive discoidal crystals which are scattered generally 
Plate 2.5. Peripheral playa zone sediments, Madigan Gulf. Capital letter labels indicate 
stratigraphic unit codes used in text and figures, lower case labels indicate lithological 
characters and features. usm = unlaminated sandy mud; cg= elastic gypsum; le = 
laminated clay; qs = quartz sand; qgs = quartz and gypsum sand; pc = pelletal clay; dcl = 
dark clay; trs =transgressive sand; Et dol = Etadunna Formation dolomitic clay. 
A. Portion of Core LE 83/3, from -15.31 to -15.55 m AHD, in the upper playa-sediment 
zone, which shows dry-playa brown gypseous mud (Unit C) overlying laminated 
ephemerally-flooded-playa sediment (Unit D). 
B. Basal portion Core LE 82 / 3, from -16.l m AHD to -16.36 m AHD, showing contact 
between white Etadunna Formation dolomitic clay and dark lacustrine clay, with 
transgressive sand at the contact which has abundant reworked Etadunna Formation 
grains. 
-15.31mAHD 
Plate 2.5 Peripheral playa zone, 
Madigan Gulf 
-16.36mAHD 

throughout most of the unit and concentrated in some zones. Most crystals are corroded 
by dissolution and occasionally broken in situ, presumably by pressure induced by 
shrinkage due to drying or perhaps by crystal growth. Small patches of intergrown small 
discoidal crystals are probably pedogenic in origin and are generally not corroded. 
The lack of evidence of surface water deposition and the brown nature of the sediment, 
which suggests the dominance of oxidising conditions are indicators of a mostly dry-playa 
environment. Similarly, the corrosion of large gypsum crystals, the common occurrence of 
voids and the presence of patches of pedogenic secondary gypsum all suggest sub-aerial 
exposure and a watertable low enough to allow leaching by meteoric water. Pelletisation 
of the clay matrix and growth of displacive discoidal gypsum are evidence of the frequent 
influence of saline groundwater close to the surface. The most likely interpretation is 
deposition under basin marginal dry playa conditions with some variation in depth to a 
saline water table. 
Overlying this playa phase 15 cm of laminated olive grey slightly sandy mud (Unit D) 
marks a return to shallow ephemerally flooded playa and shallow saline lacustrine 
conditions (Plate 2.5 A). The basal few centimetres of the layer are brownish and consist 
of poorly sorted but well rounded clay pellets, locally reworked from the underlying playa 
unit, and mixed with shallow-water lacustrine components (ooids and shell fragments). 
The rest of the unit is finely laminated with some thicker (2-3 mm) beds of massive 
calcareous clays interbedded with thin laminae of fine to medium sands which contain 
quartz, Etadunna dolomite grains, abraded discoidal gypsum, clay pellets, ooids and rare 
shell fragments. Laminae of fine sand and silt-sized elastic prismatic gypsum, commonly 
normally graded and occasionally ripple cross laminated, occur interlaminated with thin 
clay laminae or with intercalated mud drapes. Small (<Smµ) sub-spherical iron oxide 
grains, presumed to be formed by oxidation of iron sulphide framboids, occur irregularly, 
occasionally in abundance. Some elastic gypsum layers are interlaminated with irregular 
discontinuous micritic carbonate layers which are probably algal mat sediments. These 
sediments were deposited in a shallow saline water body, with ephemeral influx of 
sediment-charged water. The lake clearly oscillated above and below the salinity of 
gypsum saturation. 
The sequence then shows a return to dry playa conditions with 40 cm of brown gypseous 
sandy mud (Unit C) . The basal portion of this unit is very similar to the underlying 
sediment with interlaminated dense calcareous clay, elastic-gypsum/ oriented-clay 
couplets and micritic algal mat carbonates which contain gypsum crystals and ostracod 
shells. However, the sediments are more oxidised than the underlying unit and laminae are 
disrupted by voids and pelletisation which becomes more apparent higher in the unit, 
grading up to the non-laminated upper portion, which is essentially identical to the playa 
unit lower in the sequence but is significantly less sandy. Massive brown muds have some 
matrix reorganisation around grains, displacive discoidal gypsum crystals with corrosion 
and pelletisation of the sediment matrix. 
The upper part of the sequence consists of 45 cm of dominantly laminated olive grey 
sediments (Unit B). The unit forms a complex sequence of clays and sandy clays 
interlaminated with elastic gypsum and carbonate. The sands are generally well rounded 
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and sorted and include quartz, commonly with inherited clay coatings, ooids, micritic 
carbonate aggregates, probably of algal origin, shell fragments, ostracods and clay pellets. 
Many of the carbonate grains are fragmented. The clay laminae vary widely; they may be 
dense, calcareous and non-calcareous, oriented and non-oriented and contain silt and fine 
sand partings commonly with normal grading apparent. Rare clay laminae are cracked 
from the upper surface with sand filling the cracks, evidence of desiccation. Some dense 
clay layers show evidence of matrix reorganisation around grains and in domains, evidence 
of minor pedogenesis. Gypsum occurs as elastic laminae rich in prismatic or abraded 
discoidal crystals, and in some cases a mixture of both. Some quartz and calcareous 
grains occur reworked with the elastic gypsum. Clay occurs as draping laminae or 
intercalated patches and is commonly calcareous and occasionally oriented. In situ 
displacive discoidal gypsum crystals are very rare. Discoidal crystals occur reworked in 
elastic layers or down cracks. Isolated patches of dense intergrown micro-discoidal 
crystals of secondary gypsum occur, as do rare patches of secondary carbonate. The lower 
laminae of the unit tend to be slightly browner and contain more clay pellets and sand 
grains with clay coatings and seem clearly to have more components reworked from the 
underlying brown playa mud. 
The sediments of this uppermost playa marginal sequence have been deposited under a 
wide variety of ephemeral conditions with shallow water carbonate sands, reworked 
gypsum evaporites, algal mats and some fine elastic layers, perhaps representing brief 
relatively deeper water conditions. There is some evidence for dry lake periods, with 
cracking of clays, the development of secondary gypsum and secondary carbonate, but 
most of the sediment appears to be water deposited. The lack of in situ displacive 
discoidal gypsum and in situ pelletisation of the matrix of clay or sandy clay layers, 
suggest that groundwater-controlled playa processes have rarely occurred. 
At the top of the sequence there is 5 cm of black sulphide-rich mud underlying a 2cm thick 
halite crust (Unit A). 
2.2.2 Cores LE 83/1 and LE 82/3 
In both these cores in the playa marginal zone, basal transgressive sands and laminated 
lacustrine sediments are overlain by playa sediments. The relationship between both cores 
and Core LE 83/3 is presented in Figure 2.4. Core LE 83/l is located on the south eastern 
margin of the salt crust, only 5 km from Core LE 83/3, and correlates well. Core LE 82/3 
is located on the north eastern margin, some 24 km from LE 83/3. Its correlative 
relationship is much less clearly defined. 
In Core LE 83/1 the playa sequence is markedly sandier than in Core LE 83/3, 
particularly in the ephemeral-flooding and shallow-water facies, with fine to medium grey 
oolitic shelly quartz sand, interlaminated with thin clay laminae (Plate 2.6 A). Charophyte 
gyrogonites also occur in the sands. This sandier nature reflects the location of the core at 
the northern margin of the sandy Kunoth Shoal. As might be expected, the dry playa 
marginal units thin towards the centre of the basin, from Core LE 83/3 to Core LE 83/1. 
Conversely the water deposited sediments thicken towards the basin centre. 
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Core LE 82/3, at the eastern margin of the surface salt crust, contains 80 cm of playa 
sediments overlying the laminated lacustrine clay sequence. The lower 35 cm of this playa 
sequence (Plate 2.5 B) has basal olive grey interlaminated sands (quartz, reworked 
Etadunna dolomite, reworked gypsum and clay pellets); normally graded oriented clay 
laminae which contain silt sized gypsum and quartz; and settled gypsum layers with 
prismatic crystals with their long axes horizontal, reverse grading and no cross lamination. 
This unit was deposited in mixed ephemerally flooded playa and shallow saline lacustrine 
conditions. This grades up to 15 cm of more massive sandy brown mud with evidence of 
some matrix reorganisation around grains and voids. Corroded, displacive discoidal 
gypsum crystals, occasionally very large (up to 30 mm) occur at the contact with the 
overlying material. This unit is characteristic of oxidising dry playa environments with 
lengthy dry periods. 
The upper 45 cm of the playa sequence contains a lower sub-unit of dense non-calcareous, 
dark olive grey gypseous mud with occasional poorly sorted fine quartz sand and large (up 
to 20 mm) corroded displacive discoidal gypsum crystals. The depositional environment 
of this mud is uncertain The upper 20 cm is a sandier, poorly laminated olive grey mud, 
becoming sandier towards the top . Sand grains include quartz, Etadunna Formation 
dolomite grains, ostracods, rare ooids, algal carbonate aggregates, clay pellets and 
reworked gypsum. Clays are calcareous, non-oriented, with suggestions of grading 'and 
contain some layers rich in iron sulphide framboids. Gypsum occurs as well-sorted 
45 
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reworked sand-sized discoidal and prismatic crystals, commonly corroded. Small patches 
of fine-grained secondary gypsum and secondary carbonate occur. The unit was deposited 
in an ephemerally flooded playa environment. 
The occurrence of minor amounts of palygorskite in the playa facies of Core LE 82/3 (-
14.6 AHD) could be related either to salt efflorescence or to reworked Etadunna Formation 
material. Bowler (1983) has reported palygorskite apparently as an authigenic component 
in bulk samples of disaggregated sediment and efflorescent salts from active clay pellet 
production zones in Lake Tyrrell and in Lake Eyre, north of Madigan Gulf. 
2.3 CENTRAL PLAYA ZONE 
The central playa zone, in the lowest area of the basin, is characterised by the maximum 
thickness of salt crust. The surface salt crust was described in the description of the 
modem playa environment, presented earlier. Underlying the surface salt is a sequence 
which includes ephemerally flooded and shallow lacustrine sediments, a buried halite salt 
layer and playa marginal deposits. This playa sequence disconformably overlies the 
truncated laminated lacustrine sediments. The nature of the buried halite salt unit is 
discussed in detail as is the sequence from core 82/2. 
2.3.l Sub-surface Halite 
Madigan Gulf is the only playa in Australia known to have sub-surface halite. Bonython 
(1956) and Johns and Ludbrook (1963) both reported sub-surface halite in central Madigan 
Gulf but in thicknesses which do not correspond well with those recorded in this study. 
Sub-surface halite was encountered in Cores LE 82/1, LE 82/2 and LE 83/2 but, because 
of the coring technique used, it was not possible to core the halite beds. The buried halite 
was much denser and more difficult to penetrate than the surface crust and some 3 to 4 
hours were required to auger through it, by contrast with only a few minutes for the surface 
crust. Augering was continued until softer material was encountered and coring was again 
possible. During the augering process no variation in penetration into the layer was 
noticed suggesting it to be a uniform hard cemented layer. Therefore, while the upper 
boundary of the buried halite has been accurately determined, the detailed stratigraphy of 
the layer and the exact lower boundary are unknown. In the absence of alternative 
information the entire section has been recorded as halite. 
Plate 2.6. Peripheral and central playa zone sediments, Madigan Gulf. Lower case labels 
indicate lithological characters and features. qs =quartz sand; usm = unlaminated sandy 
mud; cg = elastic gypsum; dsg = discoidal secondary gypsum; cp = clay pellets; smrg = 
sandy mud and reworked gypsum; gm = grey mud; rdg =reworked discoidal gypsum. 
A. Portion of Core LE 83/1, from -15.12 to -15.5 m AHD, showing laminated 
ephemerally flooded playa sediment in the lower part, overlain by massive dry playa 
brown sandy mud and with grey ephemeral-flood-deposited sand at the top. 
B. Portion of Core LE 83/2, from -15.8 m to -16.19 m AHD, between the upper and 
lower salt crusts consisting of laminated shallow-lacustrine and ephemerally-flooded 
playa sediment. 
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Accordingly, thicknesses of 104 cm in Core LE 82/1, 102 cm in Core LE 82/2 and 46 cm in 
Core LE 83/2 have been recorded (Fig. 2.6). Johns and Ludbrook (1963) in Bore 20, some 
8.2 km west north west of Core LE 82/l (Fig. 2.1), recorded only 15 cm of buried halite. 
The considerable thinning between Bore 20 and Core LE 82/1 might represent thinning 
towards the margin of the buried halite. Johns and Ludbrook (1963) reported 53 cm of 
halite in Bore 10 which agrees well with the 46 cm recorded in Core LE 83/2, only 2.5 km 
to the east (Fig. 2.1). The greatest disagreement is between Bonython's (1956) hand 
augered hole at his Station 93/54 with only 5 cm of buried halite reported, which is very 
difficult to reconcile with the 102 cm recorded in Core LE 82/2, located only 1.5 km to the 
north east (Fig. 2.1). 
Gillespie et al. (1991) have suggested that the buried halite layer is a former playa salt 
crust which was partially dissolved during the onset of a minor lacustrine phase in the 
early Holocene and then sealed by the deposition of gypseous clays. The modern playa 
surface crust represents the fraction which was dissolved in the early Holocene filling. 
Under the current ephemeral playa regime, with rare major floodings sufficient for 
complete dissolution, the surface crust is migrating vertically in the sequence (Dulhunty, 
1986). There is insufficient information at this stage to detail the stratigraphy and vertical 
or horizontal extent of the buried halite. However, the apparently significant thinning 
between Core LE 82/2 and Bore 20 and its absence from the more marginal Cores LE 
82/3, LE 83/1, LE 83/3 and LE 83/4 suggest that the geometry of the lower halite does 
agree with its interpretation as an buried ancient playa crust. 
2.3.2 Core LE 82/2 
Core LE 82/2 from near the basin centre (Fig. 2.1) has the longest sequence from the central 
playa stratigraphic zone and has been dated by AMS 14c. The stratigraphy and 
sedimentology are detailed in Table 2.3 and Figure 2.5. 
Basal transgressive sands (Unit F 1 and 2): Overlying the Etadunna Formation at -18.73 m 
AHD are 77 cm of greenish grey sand and clayey sand. The lower 3 cm (Unit Fl) is sand-
rich, non-laminated, shallow-water, transgressive sediment which contains reworked 
discoidal gypsum crystals with iron sulphides. The overlying 74 cm (Sub-unit F2) is poorly 
laminated sand and clayey sand which becomes finer grained towards the top of the layer. 
The unit also contains reworked discoidal gypsum and is transitional from the 
transgressive sands to the overlying lacustrine clays. Both sub-units are dolomitic due to 
the presence of reworked Etadunna Formation grains but also contain significant quantities 
of high-magnesium calcite of unknown origin. 
Laminated lacustrine clays (Unit E): Overlying the basal sands are 47 cm of very finely 
laminated clay and ripple cross stratified elastic prismatic gypsum. The lower 27 cm of 
this layer consists of reduced dark blue grey clay and gypsum, rich in unoxidized iron 
sulphides. Above this there is an abrupt transition to lighter coloured greyish olive clay; 
iron sulphides associated with the gypsum laminae are oxidised to orange-brown iron 
oxides. As for a similar colour change in this unit in most cores within the playa, this 
transition is believed to represent an oxidation front which extended down from the 
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UNIT TOP THICK- COLOUR TEXTURE SANDS CLAYS CARBONATE GYPSUM STRUCTURE DEPOSITIONAL FACIES 
m AHO NESS 
(cm) 
A -14.7 40 white Minor Porous granular halite Modern playa salt crust 
B -lS.1 78 Dark blue Sandy silt 4S% 10%K,I,M/I 0-2% LMC 7-9S%. Discoidal Laminated elastic Shallow saline lake & 
and green Quartz commonly reworked gypsum and detrital. ephemerally flooded playa. 
grey in layers. Some elastic Thin halite layers. Some dry periods - halite 
SBG S/ ! prismatic salt crust 
c -15.88 102 white? Minor? Dense massive halite Buried playa salt crust 
DI -16.91 16 Greenish Sandy 36% 45% K,l,M/I Absent 9% Discoidal Non-laminated Dry playa sediment 
grey clay Quartz displacive reduced by presence of 
JOG S/l Etadunna overlying salt crust 
dolomite 
02 28 Dull Sandy 43%K,l,M / I Trace 1 % Discoidal Non-laminated Oxidizing dry playa 
yellowish clay 39% displacive 
brown Quartz 
IOYR4/3 Etadunna 
dolomite 
03 lS Olive grey Sandy Discoidal displacive Non-laminated Ephemerally flooded playa 
JOY 5/2 clay sediments, partially 
Quartz oxidized and disrupted by 
Etadunna dry playa groundwater 
dolomite processes 
E -17.49 47 Greyish Clay 2% 80%K,l,M Trace Clastic prismatics, Very finely laminated Shallow-water evaporites 
olive Oriented? with sulphides (often Gypsum rippled with regular detrital influx' 
Blue grey oxidized to Fe oxides) 
SY6 / 2 
SB S/ l 
Fl -17.96 74 Greenish Sand, 80-9S% 2-16% S-8% HMC, Laminae of reworked Poorly laminated Transitional from shallow-
grey clayey Quartz K,I,M,M/I,P 1-S% Dol discoidal displacive Fining upward water transgressive sand to 
SGS/I sand Etadunna Trace LMC deeper water 
dolomite 
F2 3 Greenish Sand Quartz K,I,M/I,P 6%HMC, Discoidal displacive Non-laminated Shallow-water 
grey Etadunna 1%Dol with sulphides transgressive sand 
SGS/I dolomite Trace LMC 
G -18.73 ETADUNNA 
FORMATION 
Table 2.3 . Summary of the sedimentary components and stratigraphic units of the central-playa sequence in Core 
LE 82/2. Clay Mineralogy: K =kaolinite; I = illite; M = montmorillonite; M/I = interlayered montmorillonite and illite; 
P = palygorskite. Carbonate mineralogy: LMC = low-magnesium calcite; HMC = high-magnesium calcite; Dol = dolomite. 
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surface of the unit as it was truncated by deflation. The unit represents shallow-water 
evaporite deposition and reworking with regular influx of detrital material. 
Playa sediments (Unit D 1-3): The basal part of this sequence (Sub-unit D3) consists of 15 
cm of non-laminated, olive-grey, gypseous, sandy clay with rounded quartz and reworked 
Etadunna dolomite grains. Gypsum occurs as displacive discoidal crystals, some larger 
than sand-sized. This sub-unit represents deposition in an ephemerally-flooded regime 
with disruption of the sediment during dry playa phases. This is overlain by Sub-unit D2 
which consists of 28 cm of non-laminated, yellowish grey-brown, gypseous sandy mud, 
with rarer and finer sand-sized clasts and less reworked Etadunna dolomite grains. 
Gypsum occurs as displacive discoidal crystals and the unit was deposited under 
oxidising dry playa conditions. The upper sub-unit (Dl) consists of 15 cm of non-
laminated, greenish grey, gypseous sandy clay, which is interpreted as dry playa sediment 
which has been affected (colour changed) by reducing conditions due to the presence of the 
overlying salt crust. 
Sub-surface halite (Unit C): 102 cm of dense massive halite interpreted as a buried playa 
salt crust. 
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Fig. 2.6 Lithology and correlation of cores from the central playa zone. 
Core 
82/2 
Shallow lacustrine unit (Unit B): Overlying the sub-surface halite are 78 cm of laminated, 
dark blue and green grey, gypseous sandy silt. The gypsum consists mostly of discoidal 
crystals reworked in layers and occasional elastic prismatic laminae. The unit is 
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interpreted as deposition in a saline shallow-water and an ephemerally flooded 
environment. Plate 2.6 B shows a portion of the same stratigraphic unit in Core LE 83/2. 
Thin (1-6 cm) halite layers indicate prolonged drier periods during which a halite salt crust 
developed. 
Surface salt crust (Unit A): The salt crust of the modern playa regime consists of 40 cm of 
white porous granular halite. 
2.3.3 Cores LE 82/1 and LE 83/2 
In Core LE 82/1, in the centre of the Gulf, the sub-surface halite directly overlies the 
laminated lacustrine clay unit and no playa fades are evident. In more marginal cores, LE 
82/2 and LE 83/2 at 6.6 km and 11.6 km respectively from Core LE 82/l, there is a thin 
unit of playa fades between the laminated lacustrine clay and the lower halite bed. The 
relationship between Cores LE 82/1, LE 82/2 and LE83/2 from the central playa zone, is 
presented in Figure 2.6. Correlation is very good between LE 82/1 and LE 82/2 and good 
with LE 83 /2. 
2.4 PLAYA MARGINAL ZONE 
2.4.1 Shelly Island Unit 
At a number of sites around the margin of Madigan Gulf a reddish-brown to grey-brown, 
sandy clay, playa-marginal unit occurs, informally named the Shelly Island unit (Fig. 2.7) . 
The unit occurs from the break in slope at the playa margin ("" -13m AHD) and extends up 
the shoreline to where it is usually buried by beach or foredune deposits from ephemeral 
floods of the modern regime. 
On the western side of Shelly Island and the western side of the point south of Shelly 
Island (informally named Shelly Point) the Shelly Island unit is relatively thick (generally 
from 1 to 3 m) and disconformably overlies gypcreted aeolian sands equivalent to the 
Williams Point aeolian unit (Fig. 2.8; Plate 2.7). At Williams Point and the eastern side of 
both Shelly Island and Shelly Point the Williams Point aeolian unit and its gypcrete surface 
are truncated by cliff erosion and crop out 10-15 m above the playa. However, on the 
west side of Shelly Point and Shelly Island the original Williams Point aeolian unit dune 
flank is preserved almost to present playa level where it is unconformably overlain by the 
Shelly Island unit (Fig. 2.8). 
At Shelly Point the Shelly Island unit extends up the shoreline from the playa margin over 
the gypcreted surface of the older Williams Point aeolian unit dune. On the higher 
landward margin it has been extensively eroded and is only preserved in erosion residuals 
(Fig 2.8). At Shelly Island the Shelly Island unit is thickest in a low point in the older 
gypcreted dune topography and thins to the east as it extends a few hundred metres 
across the gypcrete which rises towards the crest of the Island (Fig 2.8). Both the gypcrete 
and the Shelly Island unit are truncated at the playa margin by a low (1-2m) cliff, owing to 
wave erosion during modern ephemeral floods (Fig 2.8). 
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Figure 2.7. Known outcrop of the Shelly Island unit around Madigan Gulf and Jackboot 
Bay, Lake Eyre. Informal site names are in itallics. Numbers refer to dated localities 
listed in Tables 2.6 and 2.7. 
Plate 2.7. Shelly Island Unit, eastern margin of Jackboot Bay. Lower case labels indicate 
lithological characters and features. sg = secondary gypsum. 
A. View looking south along the eastern margin of Jackboot Bay, about 4 km north of the 
Ankle Site (Fig. 2.7). The Williams Point aeolian unit (WPau) has been truncated to a 
massive secondary gypsum horizon which shows abundant evidence of karstic weathering 
processes. The original surface of the Williams Point aeolian unit was irregular, with a 
dune and swale topography present. The outcrops in the foreground and middle distance 
represent two high points, in that former topography, with the younger red-brown Shelly 
Island unit (Siu) infilling the intervening low point. 
B. View, at right angles to Plate A, of the contact between the Williams Point aeolian unit 
(WPau) and the Shelly Island unit (Slu) as exposed in a low shoreline cliff, cut by 
ephemeral floods in Jackboot Bay. Vertical unlabelled arrows show a number of sites 
where the Shelly Island unit has infilled karstic weathering holes in the massive secondary 
gypsum horizon of the Williams Point aeolian unit. This demonstrates that emplacement 
of the Shelly Island unit at this site, is considerably younger than deposition of the 
Williams Point aeolian unit as it also post-dates secondary gypsum formation, soil 
truncation and karstic weathering. 
Plate. 2.7 Shelly Island unit, Jackboot Bay. 
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Figure 2.8. Stratigraphy of the Shelly Island unit at Shelly Island and Shelly Point. 
The sediments consist of reddish brown and grey-brown gypseous sandy clay. The unit is 
slightly cemented due to post-depositional modification of the gypsum and clay it 
contains. The surface of the unit, sloping up from the playa margin, is generally relatively 
smooth due to truncation by beach erosion during ephemeral fillings of the lake. This 
surface shows minor development of gypsum cemented polygonal cracking. 
Artefacts and fragments of emu eggshell occur sporadically on the surface of the unit. 
Rarely, in situ artefacts and emu eggshell are found eroding from the unit. On the north 
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eastern margin of Madigan Gulf, near the entrance of the channel which connects Lake 
Dom to the Gulf, in situ eggshell and artefacts were found in close proximity to two 
discrete burnt areas with small fragments of charcoal and diffuse dark staining, which are 
most likely to be remnants of small Aboriginal fireplaces. 
2.4.2 Depositional environment of the Shelly Island unit 
The sediments of the Shelly Island unit strongly resemble lunette material derived from 
saline groundwater-controlled playa deflation, although this has not yet been confirmed by 
detailed sediment analysis or thin section examination. The location of the unit as a playa 
marginal deposit around the shoreline of Madigan Gulf is consistent with an origin by 
deflation from Madigan Gulf. The thicker sequences preserved on the western side of 
Shelly Island and Shelly Point suggest substantial deflation from the large bay south west 
of Shelly Island. The original thickness of the unit along the eastern shore of Madigan Gulf, 
before truncation by floods and burial under the almost continuous fore dune deposits 
along that shore, is not known. The occurrence of emu eggshell, artefacts and probable 
Aboriginal fireplaces within the unit confirms its origin under subaerial conditions. 
At a number of locations the Shelly Island unit extends to the level of the present playa 
(-13 m AHD) suggesting it was deposited by deflation from a previous playa level lower 
than the present playa surface. If this is the case the Shelly Island unit should extend 
below the surface sediments of the present playa and be equivalent to one of the playa 
units recognised in cores in the peripheral playa zone of Madigan Gulf (Section 2.2). 
Testing this proposition will require a detailed stratigraphic transect between the playa 
margin and the cores of the peripheral zone and dating of the units within the cores. As 
the unit occurs at least as low as the present playa margin at -13m AHD, the lake must 
have been dry during its deposition. 
2.5. CHRONOLOGY OF THE MADIGAN GULF SEQUENCE 
2.5.1 Chronology of the Williams Point Site 
The Williams Point section is probably the most comprehensively cross-dated Quaternary 
site in Australia. All numeric ages from the site, from a variety of methods, are presented 
in stratigraphic order in Table 2.4 and Figure 2.9. Chronology is provided by nineteen 
AMS and three conventional radiocarbon ages (14C); two thermoluminescence ages (TL); 
five optical ages (OSL); three thermal ionisation mass spectrometry uranium-series ages 
(TIMS U /Th); one radiometric (alpha counted) uranium-series age; and fifty seven amino 
acid racemization (AAR) samples (each sample is an average of up to five individual 
analyses: total analyses 164) with only four representative AAR analyses plotted on the 
stratigraphic diagram (Fig. 2.9). The radiocarbon ages include a previously published date 
(Baas-Becking and Kaplin, 1956) from organic matter in sulphur nodules from Sulphur 
Peninsula some 12 km to the north east (Fig 2.1) and another previously published age 
(Johns and Ludbrook, 1963) from Coxiellada gilesi shells from Shelly Point to the west (Fig 
2.7, 2.8). Both dates come from similar stratigraphic sequences and have been 
extrapolated to the Williams Point section. 
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Fig. 2.9. Williams Point cliff section and Core LE 83/6 stratigraphy and showing the 
location of dating samples and numeric ages obtained. Letters refer to stratigraphic 
units of Fig. 2.2 and Table 2.1 and description of stratigraphy in Section 2.1.l. 
The eight radiocarbon results on emu eggshell from the base of the orange aeolian sand 
overlying the gypcrete surface at +3.5 m AHD suggest that the onset of this aeolian phase 
commenced after 35,000 years BP. Below this level, eleven AMS and three conventional 
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lab Sample location Dating Dated Age Reference 
Number Williams Point technique fraction 
AA 15664 +5.SmAHD 14cAMS Emu eggshell 7,725±120 Miller (pers comm) 
AA 19014 + 4.0mAHD 14cAMS Emu eggshell 27,345 ±530 Miller (pers comm) 
AA20985 +3.9 mAHD 14CAMS Emu eggshell 43,400±1900 Miller (pers comm) 
AA 13043 +3.8mAHD 14cAMS Genyornis eggshell 39,740 ± 1400 Miller (pers comm) 
AA 15667 +3.8mAHD 14cAMS Genyornis eggshell 34,800±755 Miller (pers comm) 
AA20883 +3.7mAHD 14CAMS Emu eggshell > 37,240 Miller (pers comm) 
AA20889 +3.5 mAHD 14cAMS Emu eggshell 33,455 ± 580 Miller (pers comm) 
AA 17275 +3.4mAHD 14c AMS Emu eggshell 30,605 ±435 Miller (pers comm) 
AA 13044 +3.3mAHD 14c AMS Emu eggshell 32,355 ±570 Miller (pers comm) 
AA 10237 +3.1 mAHD 14cAMS Emu eggshell > 39,700 Miller (pers comm) 
AA 16398 +3.0mAHD 14cAMS Genyornis eggshell 34,275 ± 715 Miller (pers comm) 
AA 15666 +3.0mAHD 14cAMS Emu eggshell 23,275±325 Miller (pers comm) 
ANU 3540 =+3mAHD 14c Radiometric Genyornis eggshell 37,700 ± 1300 Tedford et al (1986) 
LH 1339 =+3mAHD U /Th Radiometric Genyornis eggshell 77.9 ±5.6 Webb & Short (pers 
comm) 
AAL5534 =+3mAHD AAR Genyornis eggshell 50±10 Miller (pers comm) 
D/L: 0.56 ± 0.024 
AA 17272 +2.8mAHD 14cAMS Emu eggshell 31,720 ±490 Miller (pers comm) 
AA 17273 +2.8mAHD 14c AMS Emu eggshell 33,035 ± 705 Miller (pers comm) 
+2.5mAHD OSL Quartz 49.1±3.8 
+2.0mAHD U/Th TIMS Genyornis eggshell 62.9 ± 0.6 Ayliffe (pers comm) 
+2.0mAHD U/Th TIMS Genyornis eggshell 65.6±1.6 Ayliffe (pers comm) 
AA20884 + l.4mAHD 14CAMS Emu eggshell 32,990 ±550 Miller (pers comm) 
AA20885 + l.4mAHD 14cAMS Emu eggshell 34,600±1900 Miller (pers comm) 
W 1124 OmAHD TL Quartz 49.l ± 3.3 
AA20891 - 1.1 mAHD 14CAMS Emu eggshell 42,600 ± 1650 Miller (pers comm) 
AA4248 =-1.3mAHD 14cAMS Genyornis eggshell 40,740 ± 2100 Miller (pers comm) 
AAL6871 = -1.3 m AHD AAR Genyornis eggshell 56±10 Miller (pers comm) 
D/L: 0.571 ±0.008 
=-1.5 mAHD U/Th TIMS Gen11ornis eggshell 64.3±1.6 McCulloch (pers comm) 
AA 17271 -2.2mAHD 14cAMS Genyornis eggshell 36,700 ± 960 
AAL6875 =-2.9mAHD AAR Genyornis eggshell 58±10 Miller (pers comm) 
D/L: 0.606 ± 0.012 
-3.0mAHD OSL Quartz 63.0 ± 4.7 
-3,2mAHD OSL Quartz 63. l ± 4.5 
NZ -3.2mAHD 14c Radiometric Coxiellada gastropod 39,200±1300 Johns & Ludbrook 
shell (1963) 
AAL6925 -3.2mAHD AAR Genyornis eggshell 69±10 Miller (pers comm) 
D/L: 0.707±0.009 
-4.0mAHD OSL Quartz 86.2 ± 5.5 
-8.0mAHD OSL Quartz 91.4 ± 8.8 
w 1123 -9.6mAHD TL Quartz 92.3 ± 6.7 
NZ =-10.8mAHD 14c Radiometric Organic material in 19,100 ±500 Baas-Becking & 
(Sulphur Peninsula) sulphur nodule Kaplan (1956) 
NZA 1650 -11.2 m AHD 14cAMS Pollen and micro- 34,820± 6400 Gillespie & Magee 
charcoal (unpublished) 
NZA 1651 -11.2mAHD 14CAMS Humic fraction 46,200 ± 2200 Gillespie & Magee 
(unpublished) 
NZA 1652 -11.2mAHD 14cAMS Humic fraction 44,800 ± 1800 Gillespie & Magee 
(unpublished) 
NZA 1653 -16.8 m AHD 14cAMS Pollen and micro- 44,200 ± 1900 Gillespie & Magee 
charcoal (unpublished) 
Table 2.4. List of dates from the Williams Point cliff sequence and core 83/6. Radiocarbon dates are 
quoted as years BP, all other dates are quoted as ka. 
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radiocarbon ages are either background, or close to and beyond 40,000 BP, suggesting that 
the sediments are beyond the limit of the technique and that contamination with small 
amounts of younger carbon has produced minimum ages in some samples. It should be 
noted that this suite of dates very effectively illustrates the problems for this technique, of 
sample contamination in materials older than 30-35 ka (Chappell et al., 1996). Despite all 
of the AMS samples being subjected to rigorous physical and chemical pre-treatment 
regimes (utilising the small sample requirements of the technique), contaminating younger 
carbon survived at significant levels, resulting in finite ages. A possible exception is the 
conventional radiocarbon date of 19,100 ± 500 BP from organic matter in a sulphur nodule 
at about -11 m AHO. The sulphur nodules have formed by post-depositional bacterial 
reduction of sedimentary gypsum. The timing and duration of the bacterial reduction is 
not known but the date obtained may indicate that much of the activity occurred 
considerably after deposition of the sediment. 
In the upper portion of the profile, above the lower laminated lacustrine clay unit, the OSL, 
TL, TIMS U /Th and AAR results provide a consistent chronology for units A to J between 
+3.5m AHO and -10 m AHD despite the complete independence of the methods. When 
these ages are plotted as a function of elevation with respect to AHO (Fig. 2.10), they lie 
relatively close to the straight line which joins 50 ka at the top of the aeolian unit ( +3.5 m 
AHO) to 125 ka at the base of the laminated lacustrine clay unit (-17m AHO), whereas the 
radiocarbon dates from the same elevation range lie well away from that line and are all 
around 40 ka. Of course the sequence is not of uniform lithology and contains some clear 
stratigraphic breaks and therefore a uniform sedimentation rate should not be expected 
and individual dates should not be expected to necessarily lie exactly on the line. 
Therefore the OSL, TL, TIMS U /Th and AAR results are accepted as providing a 
preliminary numeric timescale for the Williams Point section. 
2.5.1.1 Chronology of the laminated lacustrine unit, Core LE 83/6 
The basal laminated saline lacustrine clay unit of Core LE 83/6 is interpreted as deep 
water saline lacustrine facies. This phase clearly occurred before about 90 ka but is itself 
undated . The nature of the upper boundary of that unit at -9.85 m AHO is critical for 
determining the likely age of the lower unit. The upper 50 cm of Core LE 83/6 (Unit Ll, 
Fig. 2.2, Table 2.1) becomes sandier, more poorly laminated and more oxidised towards 
the stratigraphic break. At the boundary is a thin (1-2 cm) hard cemented dolomite layer 
which is possibly a recrystallised microbial mat, suggesting ephemeral conditions. 
Immediately below the dolomite layer the top of the lacustrine sequence shows evidence of 
desiccation cracking. However, there is no evidence in the form of pedogenesis or 
significant erosion of sediment, which would suggest a major time break at that level. The 
same stratigraphic relationship, with basal laminated clays overlain by sands with a thin 
platy dolomite at the boundary, occurs at a number of sites along the south east margin of 
Madigan Gulf, as far as Lake Clayton 30 km east of Williams Point. At no site is there 
evidence of pedogenesis or erosion at that boundary. 
Assuming a relatively minor time break at the top of the lacustrine unit, the most likely age 
for the unit is early stage 5. This age correlates to the major early stage 5 lacustrine 
episode identified at Punkrakadarinna on the Warburton Creek (Section 4.2) and a major 
early stage 5 fluvial event identified at Kutjitara West Bluff, on the Cooper Creek (Section 
3.3.3). Nanson et al. (1992) also identified a major early stage 5 fluvial episode of the 
Katipiri Formation of the Cooper Creek and Diamantina River in south west Queensland. 
However, until the unit is directly dated the possibility that it represents an earlier wet 
episode cannot be entirely discounted. The deep-water environment indicated by the 
sediments is consistent with correlation to the +10 m AHO beach ridges south of Lake 
Eyre South, with AAR results suggesting a stage 5 age (See Chapter 5). The resulting water 
depth would have been 20-25 m. 
2.5.1.2 Chronology of the cliff section lacustrine units 
One TL age of 92.3 ± 6.7 ka (W 1123) from the base and two stratigraphically higher OSL 
ages of 91.4 ± 8.8 ka and 86.2 ± 5.5 ka were obtained from the sequence of lacustrine 
sediments (Units J to C) which extend from the top of the laminated lacustrine clay unit to 
the depositional break at -3.23 m AHO (Fig. 2.9) . The TL date was obtained from the 
Wollongong University laboratory using the regenerative-additive quartz coarse-grain (90-
125 µm) technique as combined by Readhead (1988). Further details of the method have 
been given in Nanson et al. (1991). The laboratory reported that the TL characteristics of 
the sample were excellent with long temperature plateau regions and very good TL growth 
curves. The TL age agrees very well with the OSL ages. In summary, deposition of the 
sequence commenced around 90-95 ka and apparently ceased at around 80 ka. After 
deposition ceased the lake dried to a level low enough and for a period of time sufficient to 
allow minor pedogenic modification of the upper unit of the sequence (Unit C). 
The soil developed on the cliff lacustrine sequence was truncated by deflation before the 
lake rose again and deposited a thin unit of Coxiellada gilesi shell-rich beach sand. The 
truncated soil surface was covered by a coarse lag deposit which includes abundant 
pebbles with desert varnish and rare Genyornis eggshell fragments which were occasionally 
reworked into the beach sand. AAR analyses of the eggshell resulted in a mean 0 /L ratio 
of 0.706 ± 0.009 (six analyses) which suggests an age of 69.6 ± 10 ka based on preliminary 
calibration for the Lake Eyre region (Section A2.3.4). As eggshell is most likely to be 
preserved during a period of aeolian deposition, the age obtained probably relates to 
aeolian mobilisation of sediment associated with the deflation event which truncted the 
soil developed on Unit C. 
From the Coxiellada gilesi shell-rich beach sand an OSL age of 63.1 ± 4.5 ka indicates 
deposition of this unit in late stage 4. Because the beach sand is only 20-30 cm thick at 
Williams point and has different lithologies both above and below, particularly the 
abundant clay of the underlying unit, there are uncertainties about the gamma dose 
received by the sample with the dose possibly higher than that indicated by the beach 
sediment itself. An in situ measurement was made with a gamma spectrometer in order to 
minimise this problem but if the dose has been underestimated the true age might be 
younger than the age obtained. AAR analyses of components contemporaneous with the 
beach sediment resulted in a mean O/L ratio of 0.654 ± 0.075 (25 analyses) from 
Coxiellada gilesi shells and a mean O/L ratio of 0.788 ± 0.158 (14 analyses) from aquatic 
bird eggshell (see Section 5.3.5). These O/L ratios are consistent with the OSL age from 
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the unit but calibration of both these taxa is at a very preliminary stage and they cannot be 
used to further constrain the numeric age of the sediment. 
2.5.1.3 Chronology of the aeolian units 
Chronologtj of the Williams Point aeolian unit 
An OSL age of 63.0 ± 4.7 ka at the base, a TL age of 49.l ± 3.3 ka (W 1124) in the middle 
and OSL age of 49.1 ± 3.8 ka at the top, were obtained from the Williams Point aeolian 
unit. The TL and upper OSL ages overlap in their errors and suggest that the aeolian 
deposition occurred relatively rapidly at around 50 ka. As with the underlying TL date 
the laboratory reported excellent TL characteristics with long temperature plateau regions 
and very good TL growth curves for W 1124. The lower OSL age is significantly older 
which seems unlikely from the nature of the sediment and the absence of any stratigraphic 
break. The lower OSL sample is close to the underlying units and there is a distinct 
possibility that the environmental dose rate may have been underestimated. 
Four U /Th ages are reported for Genyornis eggshell from the Williams Point aeolian unit, 
three TIMS U /Th ages of 64.3 ± 1.6 ka, 62.9 ± 0.6 ka and 65.6 ±1.6 ka (Ayliffe and 
McCulloch, pers comm) and an alpha counted age of 77.9 ± 5.6 ka (LH 1339). These are 
amongst the first attempts to use this dating technique on bird eggshell, which has 
previously been found to be an effectively closed chemical system, at least for amino acids, 
and an excellent medium for radiocarbon dating (Williams, 1981; Miller et al., 1997) and 
AAR dating (Miller et al., 1991). The TIMS dates, with their small sample requirement, 
have allowed greater discrimination in sample selection and more rigorous sample 
pretreatment, thereby lessening the chance for error, and are likely to be more accurate. 
There is an apparent inconsistency between the three TIMS U /Th ages which cluster 
closely around 63-65 ka and the two younger luminescence ages at about 50 ka. In a 
further complication of the chronology of the unit, the TIMS ages do agree with the lower 
OSL age from the unit, which, as discussed above, is believed likely to be slightly too old. 
Continued work on how closely eggshell approximates a closed system for uranium-series 
elements is required before the validity of the material for U /Th dating can be fully 
accepted. Although the 230Th/232Th ratios of the dated samples suggest that detrital 
thorium is not a significant problem, nothing is yet known about uranium uptake or 
subsequent leaching in eggshell. It is perhaps significant that three TIMS U /Th dates from 
Genyornis eggshell from identical aeolian units stratigraphically equivalent to the Williams 
Point aeolian unit, from elsewhere in the Lake Eyre region (Fly Lake, Section 3.1.2.1; Eric 
Island), are closer to 50 ka (Section A2.3 .4). As the alpha counted date seems to be 
substantially too old, the possibility of loss of uranium from eggshell at the Williams Point 
site must be carefully investigated. 
Emu and Genyornis eggshell fragments occur relatively abundantly in the Williams Point 
aeolian unit of the Williams Point sequence, and repeated careful examination of the 
deflation exposures of the unit, one to three times per year over a decade, has provided a 
large collection of material for AAR analyses. About fifty AAR samples, involving 
analyses of a total of about 150 individual eggshell fragments (each sample is an average 
of up to five individual analyses) have been analysed from the aeolian unit. Because the 
blowout exposure slopes relatively steeply and is very exposed to strong winds, 
particularly from the north and north west, there is considerable potential for eggshell, once 
exposed by erosion, to be relocated to the surface of a different stratigraphic level. Young 
eggshell can undoubtedly be washed or blown down the slope to older stratigraphic levels 
but older eggshell may also be blown up the slope to younger levels. However, eggshell 
quickly becomes abraded and edges and points rounded by sandblasting when it lies at the 
surface of a dune blowout. Large angular eggshell fragments, with sharp edges and points, 
found in areas carefully examined and cleared on previous visits, are presumed to have 
become recently exposed and subjected to minimal transport and were targeted for 
collection and AAR analyses. Occasionally similar fragments were located in situ in the 
sediment, having been newly exposed at the surface by deflation processes. The D /L 
ratios of eggshell samples which meet these criteria suggest deposition of the unit between 
50 and 55 ka and there seems to be a significant variation in D /L ratio from base to top 
which suggests more time taken to deposit the unit than is suggested by either the 
luminescence or TIMS U /Th dates, although there is some uncertainty about the lower OSL 
date. Further dating is required to resolve this issue. 
Chronologtj of the younger aeolian units 
A total of eight emu eggshell samples are believed to be derived from the orange aeolian 
sand overlying the gypcrete surface at about +3.5 m to +4 m AHD. The ages of these 
samples suggest that the onset of this aeolian phase commenced after 35,000 years BP. 
Because the orange sand unit is very thin, there were few eggshell fragments which could be 
attributed to the unit with a high degree of confidence using the criteria outlined above. A 
clear exception is the date of 27,345 ± 530 BP (AA 19014) which came from one of two 
whole eggs, which were found in situ and are unhatched and unpredated remnants of a 
nest. 1:_he D /L ratio of this sample was 0.739 which is considerably higher than would be 
expected for emu eggshell of this age and is also higher than for eggshell from the 
underlying Williams Point aeolian unit. This strongly suggests a prolonged surface heating 
effect which indicates a long history of shallow burial. This may be taken as evidence that 
the orange sand unit was originally quite thin and/ or it was truncated by deflation soon 
after its deposition. 
A date of 7,725 ± 120 BP from emu eggshell from the most recent sand deposits which 
overly the orange sand unit, indicates some aeolian deposition during the Holocene. 
Similar minor local mobilisation of sand is probably still occurring today during drought 
periods. 
2.5.2 Chronology of Core LE 82/2 
A series of AMS radiocarbon dates from Core LE 82/2 (Figure 2.11, Table 2.5) were 
reported by Gillespie et al. (1991) . Using chemical pretreatment regimes based on pollen 
extraction techniques the fractions dated were essentially pollen and/ or micro-charcoal 
(both less than 35 µm). An additional date from Core LE 82/2 and four dates from Core 
LE 83/6 have been obtained since the previous study. The dates of Gillespie et al. (1991) 
establish that the shallow-water saline lacustrine unit between the two halite layers is 
Holocene in age and that the lower salt crust is therefore probably of Last Glacial 
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Fig. 2.11 Stratigraphy and chronology of Core LE 82/2 
Maximum age. Lacustrine conditions returned to the basin by 10 ka and continued with 
some minor breaks, marked by thin halite layers in the unit, until about 3-4 ka when the 
present playa regime was established. The similarity between NZA 93 and NZA 191 was 
interpreted as being due to a very slow sedimentation rate and sediment mixing at the top 
of the unit, since the establishment of the modern ephemeral playa conditions. An 
Lab Depth Dated Age Reference 
Number Core 82/2 fraction years BP 
NZA 1612 -15.12 mAHD Pollen and micro-charcoal 2,060 ± 76 Gillespie & Magee 
(unpubl) 
NZA 191 -15.12 m AHO Pollen and micro-charcoal 3,215 ± 240 Gillespie et al (1991) 
NZA93 -15.4mAHD Pollen and micro-charcoal 3,285±190 Gillespie et al (1991) 
NZA90 -15.42mAHD Pollen and micro-charcoal 3,390 ± 425 Gillespie et al (1991) 
NZA485 -15.6mAHD Micro-charcoal 6,315 ± 95 Gillespie et al (1991) 
NZA486 -15.87mAHD Micro-charcoal 9,780±160 Gillespie et al (1991) 
NZA 502 -17.69 mAHD Pollen and micro-charcoal 28,300 ± 390 Gillespie et al (1991) 
NZA499 -17.69 mAHD Micro-charcoal 29,010 ±400 Gillespie et al (1991) 
Table 2.5. Summary of AMS 14C dates from Core LE 82/2. 
additional date at the same level (NZA 1612, Gillespie and Magee, unpublished data) is 
also anomalously old but is closer to the age/ depth plot from the dates lower in the unit. 
The dates of about 30 ka in the laminated lacustrine gypseous clay unit, below the buried 
halite, are more problematic. The consistent results obtained from the Holocene unit and 
the agreement between two dates at 30 ka, NZA 502 on pollen and micro-charcoal and 
NZA 499 on micro-charcoal only, suggested that the technique was successful at removing 
contamination. However, to further test the technique a number of samples were dated 
from Core LE 83/6 (Fig 2.9), which were known to predate 90 ka, using the same material 
and pretreatment regime. Three of these dates (NZA 1651, 1652 and 1653) were all very 
close to background (Gillespie and Magee, pers comm.) and suggest that the 30 ka date in 
Core LE 82/2 is valid. However, the fourth date (NZA 1650) is only slightly older than 30 
ka indicating that in some cases significant quantities of younger contamination can survive 
the pretreatment regimes . This suggests the possibility that the 30 ka date in Core LE 
82/2 could be a minimum date. This problem is still unresolved. 
2.5.3 Chronology of the Shelly Island Unit 
The presence of emu eggshell within the Shelly Island unit has allowed a reliable 
radiocarbon chronology to be established for its deposition. Emu eggshell has previously 
been found to be a remarkably closed chemical system and excellent material for both 
radiocarbon dating (Williams, 1981) and amino acid racemization dating (Miller et al, 
1997). 
As part of a calibration program for an amino racemization dating study, a number of emu 
eggshell samples from the Shelly Island unit have been radiocarbon dated by AMS. The 
small sample requirements of this technique have enabled the employment of a rigorous 
pretreatment regime to remove possible contamination. All samples were mechanically 
cleaned to remove adhering sediment and any secondary carbonate, followed by the 
removal of 50-90% of the remaining mass in 2N HCl. Removing the outer portion of the 
eggshell minimises the influence of carbon exchange processes that would add younger 
carbon to the system. The reliability of eggshell radiocarbon dates following this 
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pretreatment is supported by results from samples of Genyornis and emu eggshell dated 
from the Williams Point aeolian unit. Based on TL and TIMS U /Th dates this unit should 
be 50 to 60 ka in age (Section 2.5.1.3). The youngest radiocarbon date from the unit is 36 
ka and assuming all of the measured 14c activity is contamination (1 %) indicates a 
maximum error of only a few hundred years at 18 ka. 
Material dated Radiocarbon Radiocarbon age Site 
Lab No. (years BP) 
Emu eggshell AA 10233 11,875±115 Level Post Bay 
Emu eggshell AA 19013 12,480±110 NE Madigan Gulf 
Emu eggshell AA 15135 17,310±125 E Madigan Gulf 
Emu eggshell AA 12615 18,450±165 Madigan Gulf 
Emu eggshell AA 16396 20,230±150 NE Madigan Gulf 
Emu eggshell AA 19005 20,660 ± 265 Shelly Island 
Emu eggshell AA 25255 22,520±180 Bluebird Island 
Emu eggshell AA 22905 23,585 ± 190 Ankle Site 
Emu eggshell AA 22887 23,615 ± 210 Ankle Site 
Emu eggshell AA 22888 23,720 ± 245 Ankle Site 
Emu eggshell AA 13041 24,055 ± 245 Ankle Site 
Emu eggshell AA 13041 24,055 ± 245 Shelly Island 
Emu eggshell AA 20881 25,055 ± 280 Eric Island 
Emu eggshell AA 19006 26,750 ± 475 Shelly Island 
Emu eggshell AA 25256 27,500 ± 290 Bluebird Island 
Emu eggshell AA 19011 29,440.± 640 SE Madigan Gulf 
TABLE 2.6. Shelly Island unit radiocarbon dates. 
Sixteen radiocarbon dates on eggshell from the Shelly Island unit range in age from almost 
30ka to about 12ka with a maximum gap between dates of ca. 5 ka (Table. 2.6) . These 
dated samples suggest that the Shelly Island unit accumulated slowly, roughly coincident 
with isotopic stage 2. By inference, the playa level was at or below the modern level 
throughout this interval. Supporting evidence comes from an additional twenty nine AMS 
radiocarbon-dated emu eggshell fragments collected from aeolian sediment within 10 to 20 
m vertically of the modern playa shore in the same region (Table 2.7). These samples were 
collected as part of a large series of emu eggshell, from the Lake Eyre region, which were 
radiocarbon dated as part of an AAR-calibration project by Prof G. Miller, of the 
University of Colorado (Section A2.3.2.3.2; Miller et al., 1997). These samples, all dating 
to between 10,000 and 30,000 BP, narrow the window of time without dates to under 3 
ka, suggesting it is unlikely that any high stand Lake Eyre could have occurred between 10 
and 30 ka ago . 
Material Radiocarbon Radiocarbon age Site Site 
dated Lab.No. (years BP) code 
Emu eggshell AA-15144 9,475 ± 75 Lake Mulapula 11 
Emu eggshell AA-10239 9,520 ± 80 Lake Mulapula 11 
Emu eggshell AA-16397 9,635 ± 65 Fly Lake 12 
Emu eggshell AA-10234 10,070 ± 90 Williams Bay 13 
Emu eggshell AA-20897 10,370 ± 85 Eric Island 8 
Emu eggshell AA-20894 11,300 ± 85 Tick North 14 
Emu eggshell AA-17269 11,390±105 Lake Dom 15 
Emu eggshell AA-14032* 11,905 ± 75 Lake Dom 15 
Emu eggshell AA-15141 * 11,745 ± 90 Lake Clayton North 16 
Emu eggshell AA-17274 11,850±120 Hunt Peninsula south 17 
Emu eggshell AA-20887 12,275±150 Tick North 14 
Emu eggshell AA-20893 12,440 ± 90 Tick North 18 
Emu eggshell AA-13045* 12,425 ± 95 One Tree Hill (upper) 19 
Emu eggshell AA-15145 12,680±125 Lake Clayton North 20 
Emu eggshell AA-12614 13,880±190 One Tree Hill (lower) 19 
Emu eggshell AA-13049 16,490±120 One Tree Hill (upper) 19 
Emu eggshell AA-15666 23,275 325 Williams Point 21 
Emu eggshell AA-20892 23,430 215 Bully Sand Hill 22 
Emu eggshell AA-17276 24,835 240 Kutjitara West Bluff 23 
Emu eggshell AA-19014 27,345 530 Williams Point 21 
Emu eggshell AA-17275 30,605 435 Williams Point 21 
Emu eggshell AA-17272 31,720 490 Williams Point 21 
Emu eggshell AA-13044 32,355 570 Williams Point 21 
Emu eggshell AA-20884 32,990 550 Williams Point 21 
Emu eggshell AA-17273 33,035 705 Williams Point 21 
Emu eggshell AA-20889 33,455 580 Williams Point 21 
Emu eggshell AA-16398 34,275 715 Williams Point 21 
Emu eggshell AA-20885 34,600 1900 Williams Point 21 
Emu eggshell AA-15667 34,800 755 Williams Point 21 
Table 2.7. AMS 14C dated emu eggshell samples from aeolian sediments. 
2.6 CORRELATION OF UNITS AND SEQUENCES 
2.6.1 Correlation of the lower lacustrine units 
Correlation of the lower laminated lacustrine gypseous clay unit, and the underlying 
transgressive sands, between the cores within the playa and Core LE 83/6 at the playa 
margin presents a considerable problem. In all cores the stratigraphy is apparently 
similar, with a basal sandy transgressive unit overlying the Etadunna Formation, overlain 
in turn by a dark green and blue grey laminated gypseous clay unit. The erosionally 
truncated top of the unit from all cores from within the playa (LE 82/1, LE 82/2, LE 
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Figure 2.12. Lithology and correlation of cores within Madigan Gulf. The light dashed lines indicate the probable correlation of units. The 
heavy dashed line indicates the deflation-truncated top of the laminated lacustrine unit at -17.4 m AHD. 
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83/1, LE 83/2, LE 83/3) is remarkably uniform at -17.4 m AHD (Fig. 4.12). This flat 
surface is almost certainly due to a groundwater-controlled playa-deflation stage which 
removed sediment to that level. Playa facies sediments occur above this level in those 
cores and the deflation occurred before the lower salt crust formed. The erosionally-
truncated top of the Etadunna Formation in Core LE 83/6 at Williams Point also occurs at 
-17.4 m AHD which suggests the possibility that it represents the same deflation event, 
which has important implications for correlating stratigraphic sequences and events 
between the playa and the Williams Point. However, the truncation of the Etadunna 
Formation occurs at different depths in the other cores at or close to the playa margin (at 
-15.3 m AHD in Core LE 83/4 and at -16.3 m AHD in Core LE 82/3) which suggests the 
possibility that the depth of -17.4 m AHD in Core LE 83/6 is merely coincidental and 
does not relate to the deflation event within the playa sequence. 
In the laminated lacustrine gypseous clay unit within the playa the gypsum layers consist 
dominantly of well sorted elastically reworked prismatic crystals. Ripple cross-
stratification is almost always evident with very well sorted sub-laminae. Both prismatic 
and reworked hemi-pyramidal crystals are oriented with long axes parallel to bedding 
planes. In all cores from within the playa, the laminated lacustrine sequence is entirely 
shallow-water facies. Reverse grading and sedentary gypsum, which are evidence of 
prolonged growth in deeper more permanent water conditions (Magee, 1991), are absent. 
By contrast, the laminated lacustrine sequence of Core LE 83/6 is a deep-water facies unit. 
Lithologically, the finely interlaminated gypsum and clay of the lower portion of the unit at 
Williams Point superficially resembles the laminated lacustrine facies unit from cores 
within Madigan Gulf, but the lack of elastic gypsum and the much greater abundance of 
carbonate in the former are significant differences. The sedimentological evidence from the 
unit at Williams Point suggests deposition in an environment with a water depth much 
greater than is apparent in the playa cores. It is difficult to explain this contrast as lateral 
facies variation in the same unit, with the deeper water sediment at the site of Core LE 
83/6, because the entire unit at Core LE 83/6 is above -16.55 m AHD almost a metre 
higher than the top of the unit in the playa (the thickness of the transgressive sand unit at 
LE 83/6). 
2.6.2 Correlation of playa sediments 
Correlation of units within the playa sequence, between cores from the playa centre and 
the peripheral playa environment, is difficult without absolute dating of units. Adjacent 
cores which sample the same stratigraphic zone, such as Cores LE 82/l and LE 82/2 in 
the basin centre (Fig. 2.6) and Cores LE 83/l and LE 83/3 in the peripheral playa zone 
(Fig. 2.4), correlate well. However, correlations between all cores are speculative. 
The thickest dry playa facies unit in the peripheral playa zone (Core LE 83/3, Unit E, Fig. 
2.3, Table 2.2) can probably be correlated to the Last Glacial Maximum buried salt crust in 
the centre of the basin (surface at -16.3 m AHD, in Core LE 82/1). If this is correct then 
there are a number of oscillations between ephemerally flooded and dry playa 
environments in the latest Pleistocene and Holocene record preserved in Core LE 83/3. 
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2.7 PALAEOENVIRONMENTAL SUMMARY OF THE MADIGAN GULF 
SEQUENCE 
In the Madigan Gulf sequence, described in this chapter, the Williams Point site, the 
Holocene sequence between the halite layers of Core LE 82/2 and the Shelly Island unit are 
well constrained chronologically. The first two parts of this summary will examine the 
palaeoenvironmental history as deduced from those well dated parts of the Madigan Gulf 
sequence. In the peripheral and central playa zones, the age of the playa sediment, pre-
Holocene lacustrine sediment and deflation events in the cores is much less certain as is 
their correlation to the Williams Point sequence. The final part of this section examines a 
number of possible options for the age of the undated sequences of the peripheral and 
central playa zones and their correlation to the Williams Point sequence. 
2. 7 .1 Palaeoenvironmental summary of the Williams Point site 
For the purpose of this summary the still unproven correlation of the lower laminated 
lacustrine unit to events early in marine isotope stage 5 is assumed to be correct. 
Prior to stage 5, presumably in stage 6, Lake Eyre was dry and groundwater controlled 
deflation had excavated Madigan Gulf to the Etadunna Formation. The basal 
transgressive sand, overlying the Etadunna Formation at Williams Point, represents the 
onset of a major lacustral phase which occurred before 90 ka and is tentatively correlated 
to a major early stage 5 wet phase in the basin (Section 4.2; Section 3.3.3; Nanson et al., 
1992; Callen and Nanson, 1992). This lake was permanent, but mostly saline, and at 
times was salinity stratified with strongly reducing bottom conditions, and deposited 
about 6 m of finely laminated gypseous and calcareous clay. This lacustrine episode is 
correlated to beach ridges, south of Lake Eyre South, at the + 10 m AHD level, which have 
preliminary early stage 5 dates (Chapter 5), and which imply a water depth of 25 to 30m. 
The lake eventually shallowed and dried at Williams Point. Desiccation cracks indicate a 
lowering of the water table and some deflation may have occurred in the basin centre. 
However, the absence of evidence for erosion or pedogenesis at that level indicates a short 
interlude in lacustrine conditions. 
After about 90-95 ka lacustrine conditions returned and the lake oscillated between 
shallow ephemeral and more permanent saline conditions with occasional brackish to fresh 
interludes. These lacustrine events after 90 ka probably relate to beach ridges at +5-6 m 
AHD inside the + lOm ridge which tend to give later stage 5 ages than the outer ridge 
(Chapter 5). Sometime around 80 ka the lake dried for a period of time sufficient for 
minor pedogenesis to occur in the upper part of the sediment profile. This soil probably 
formed under environmental conditions resembling those of today. The soil profile was 
truncated by deflation at about 70 ka and by 60 ka lacustrine conditions are again evident 
in the Williams Point sequence as a thin gastropod-rich beach sand unit at -3.1 m AHD. 
This lacustrine event is believed to be equivalent in age to the last channel phase of the 
Katipiri Formation which is dated to the period 75-60 ka at Punkrakadarinna (Section 
4.1.5) on the Warburton, and at Kutjitara West Bluff (Section 3.3.3.5) on the Cooper. 
Sometime after 60 ka the lake level dropped and eventually groundwater controlled 
deflation occurred. Between 60 ka and 50 ka the Williams Point aeolian unit was 
deposited, dominated initially by beach sediments from the regressive shoreline sequence. 
In the upper part of the unit, the products of groundwater-controlled playa deflation 
became the dominant components; these include discoidal gypsum and clay pellets. There 
is no sedimentological or geomorphological evidence at Williams Point that the lake level 
rose again to the level of the Williams Point aeolian unit ("" +4 m AHO) or higher since 
deposition of the Coxiellada-rich beach sand at about 60 ka. 
The Williams Point aeolian unit is capped by a well-developed pedogenic gypcrete horizon 
with polygonal patterns and rhizomorphs which extend 3 - 4 m down the profile, with 
deceasing size and abundance. The secondary gypsum horizon is truncated by erosion at 
Williams Point and aeolian sediment with radiocarbon dates which extend back to about 
35,000 BP (""40 ka calibrated age, Bard, unpubl) overlies the gypcrete. This suggests that 
in the period 50-40 ka conditions at Lake Eyre itself were wetter than at anytime since, as 
secondary mobilisation of gypsum is minimal in sediments younger than the Williams Point 
aeolian unit. The existence of rhizomorphs which pseudomorph large roots indicate that 
the vegetation at the time of pedogenesis included trees much larger than grow in the area 
today, again suggesting wetter conditions than exist today. At about 40 ka the local 
climate dried such that pedogenesis and gypsum mobilization were replaced by erosion 
and deflation. The soil horizon was truncated to the gypsum cemented zone and traces of 
the sand which was mobilised during this deflation event occur as a thin aeolian unit 
overlying the gypcrete at Williams Point. 
2.7.2 Palaeoenvironmental summary 35 ka to the present 
Shortly after the truncation of the soil on the Williams Point aeolian unit, which marked the 
onset of more arid conditions in the Lake Eyre region, a prolonged minor phase of episodic 
deflation of Madigan Gulf began at about 30,000 radiocarbon years BP (about 35 ka 
calibrated) and deposited the Shelly Island unit. This deflation probably occurred in 
response to minor, episodic, depressions of the water table which resulted in minor 
deflation of material from the capillary fringe outcrop zone around the central Madigan 
Gulf salt crust, a process which has not been observed to occur under the modern regime 
suggesting a climate more arid than today. However, the occurrence of emu eggshell, 
artefacts and probable Aboriginal fireplaces within the unit suggests that conditions were 
not sufficiently arid to preclude emus breeding or humans from at least casual occupation 
of the region. 
At a number of locations the Shelly Island unit extends to the level of the present playa (-
13 m AHO) suggesting it was deposited by deflation from a previous playa level at least 
as low as the present playa surface and the prolonged playa deflation episode must be 
equivalent to the peripheral and central playa sediments of Madigan Gulf, including the 
buried salt crust. The AMS radiocarbon chronology of the Shelly Island unit ( Table 2.6) 
suggests that this regime continued until about 12,000 BP radiocarbon years (about 14 ka 
calibrated). The majority of dates cluster about the glacial maximum in the 17,000-20,000 
BP (20-24 ka calibrated) range suggesting that this was the most active phase of 
deposition, although the number of dates is small. 
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By at least 10 ka shallow lacustrine conditions became established (Gillespie et al., 1991). 
This return of surface water to the lake, probably semi-permanently, resulted in partial 
dissolution of the halite crust before the deposition of laminated gypseous clays sealed the 
salt layer from further dissolution. 
After about 3-4 ka semi-permanent lacustrine conditions ceased and the modern 
ephemerally flooded playa regime became established. The fraction of the lower halite salt 
unit, which was dissolved during the onset of the early Holocene wet phase, forms the 
relatively thin modern surface salt crust. During modern major ephemeral floods the entire 
surface salt crust is dissolved and re-precipitated as the lake dries . As this re-
precipitation occurs after deposition of any sediment brought into the basin, the modern 
playa salt crust is migrating vertically in the sequence, always remaining at the surface 
(Dulhunty, 1986). Dulhunty (1975) identified three shingle beach berms identical to, but 
slightly higher than, the beach built by the 1974 major filling of the lake. On purely 
geomorphic grounds, Dulhunty estimated the ages of these -6.7m, -7.9m and -8.8m AHD 
shorelines as 3000, 1500 and 500 years respectively. It seems most likely that these 
beaches represent the largest flooding events since the modern ephemeral regime was 
established. 
Extensive aerial and ground examination has failed to identify beaches, at any level, from 
the early Holocene lacustrine episode, suggesting that the early Holocene shoreline was 
below the level of the 1974 flood, a conclusion consistent with the shallow-water origin of 
the sediments in central Madigan Gulf but less easy to reconcile with the apparently 
perennial nature of the lake at that time. Such a scenario requires a reliable regime of 
annual small to moderate flood events. If the geomorphic age estimates, which Dulhunty 
placed on the ephemeral-filling beaches higher than the 1974 beach, are underestimates 
then these features could represent the highest levels reached during the early Holocene 
lacustrine episode. However, the flood modelling data of Kotwicki (1986) supports 
Dulhunty's estimates of a later Holocene age for these features . Kotwicki (1986) estimated 
return periods of 1000, 500, 200 and 100 years for floods at -6.7m, -7.9m, -8.8m and 
-9.5m AHD respectively. Unfortunately, no datable material was located in these beaches. 
2.7.3 Peripheral and central playa palaeoenvironments prior to 35 ka 
Within the stratigraphic sequence of the Madigan Gulf peripheral and central playa zones 
there are two stratigraphic disconformities traceable across the basin, which relate to 
groundwater controlled deflation events. The lower disconformity forms the base of the 
Quaternary sequence of Madigan Gulf at the top of the Etadunna Formation, which occurs 
at different levels across the basin with a maximum known depth of -19.2 m AHD (Core 
LE 83/1). The second major disconformity occurs within the Quaternary sequence at -17.4 
m AHD across the basin and forms the top of the shallow-water laminated gypseous clay 
unit within the playa. It is unknown which of these disconformities relates to the 
truncation of the Etadunna Formation at -17.4 m AHD at Williams Point at the playa 
margin. Other disconformities occur within the playa sediment sequence above -17.4 m 
AHD but are more difficult to recognise and correlate across the basin. 
At least three different palaeoenvironmental sequences can be inferred from the 
stratigraphic record, depending the relationship of the major disconformities to the 
Williams Point sequence and the veracity of the somewhat equivocal 30,000 BP age for the 
shallow-water laminated gypseous clay unit within the playa. These possibilities are 
outlined in turn and each sequence of events is also summarised diagramatically. 
A. Williams Point basal disconformity IS equivalent to the playa sequence -17.4 m AHD 
disconformity: This possibility requires that the 30,000 BP age for the shallow-water 
laminated gypseous clay unit within the playa is incorrect and that sediment must be older 
than the basal lacustrine unit at Williams Point which is early stage 5 at youngest. As 
outlined in Fig 2.13, the basal disconformity within the playa sequence, at the top of the 
Etadunna Formation, therefore would relate to a major dry phase before isotope stage 6, 
possibly stage 8 or older. The shallow-water laminated gypseous clay unit within the 
playa would represent the onset of a lacustrine event after the basal disconformity and 
before stage 5, possibly stage 7 or earlier. Groundwater-controlled playa deflation during 
the dry phase of stage 6 truncated the sediments in the basin and the Etadunna Formation 
at Williams Point to -17.4 m AHD. Early in stage 5 the lake rose again and deposited 
deep-water lake sediments sequence capped by sediments deposited in a lake of more 
variable depth and salinity, with some breaks in deposition. Between 60 and 50 ka 
groundwater-controlled playa deflation again occurred and excavated the Lake Eyre basin 
much as we see it today with. The Williams Point site was outside the area of playa 
deflation and the stage 5 lacustrine sequence was preserved there and buried by sediment 
deflated from the playa which was again deflated to the level of -17.4 m AHD. Such a 
scenario is not as extraordinarily coincidental as it might seem, as the presence of the basal 
stage 5 transgressive sand unit above -17.4 m AHD would have had much higher 
permeability and porosity than the lacustrine clays above and below and could have 
exerted a controlling influence over the depth of deflation. Events early in stage 3 (50 to 35 
ka) are not clearly recorded, perhaps due to deflation of sediment of this age during the 
minor episodic deflation event which deposited the playa-marginal Shelly Island unit from 
material deflated from Madigan Gulf. 
B. Williams Point basal disconformity IS NOT equivalent to the playa sequence -17.4 m AHD 
disconformity and the 30,000 BP date in the shallow-water laminated gypseous clay unit within 
the playa is INCORRECT: This possibility, which is illustrated in Figure 2.14, would place 
the earlier major deflation episode, which excavated the basin to the Etadunna Formation, 
as a stage 6 event. Early in stage 5, lacustrine conditions in the basin deposited a 
transgressive sand unit and a sequence of lacustrine sediments across the basin. A 
problem for this scenario is the difference in fades of the lacustrine laminated clay units, as 
detailed earlier, with shallow-water sediments in the playa sequence and deep-water 
sediments at Williams Point. A possible explanation, which would allow both facies to 
relate to the same lacustrine phase, is that the onset of Stage 5 lacustrine conditions was 
marked by a period of shallow brine pools, of restricted area with shallow-water saline 
lacustrine facies deposition restricted to below -16.5 m AHD. The lake then rose and 
deposited a relatively thick deep-water facies over the whole basin. In the playa basin the 
deep-water facies and overlying later stage 5 lacustrine sediment were removed by 
deflation of sediment, to the -17.4 m AHD level at 60-50 ka when the present Lake Eyre 
basin was excavated. 
71 
72 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E -18 
-19 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E -18 
-19 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E -18 
-19 
-14 
Cl -15 
::i:: 
< -16 
rJl 
~ -17 
~ 
:E-18 
-19 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E-18 
-19 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E-18 
-19 
-14 
Cl -15 
::i:: 
<-16 
rJl 
~ -17 
~ 
:E -18 
-19 
? 
LE 83/6 
LE 83/6 
LE 83/6 
LE 83/6 
0 10 
Stage 8 ? 
__9-/Deflation _!)-/ 
Stage 7 
Stage 6 
LE 83/2 
Stage 5 
35 - 12 ka 
10 - 0 ka 
........ 
30 
Kilometres 
LE 8211 LE 8212 
LE 8211 LE 8212 
40 
I 
I 
I 
so 
Fig. 2.13. Possibility 'A' for the sequence of deflational and depositional events in Madigan Gulf. 
The lithological legend is the same as for Fig. 2.12. 
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An alternative possibility is that the shallow-water laminated gypseous clay unit within 
the playa is late stage 5 in age, a basin-centre equivalent to the near shore and shallow-
water evaporites of the upper cliff sequence at Williams Point. However, this possibility 
requires that a major deflation event occurred at the end of the early stage 5 lacustrine 
episode and removed all early stage 5 lacustrine sediment from the playa, re-excavating it 
to the Etadunna Formation. As there is no evidence of a deflation event at this level in the 
Williams Point sequence and no evidence from elsewhere in the basin of major deflation at 
this time, this scenario is considered to be unlikely. 
C. Williams Point basal disconformity IS NOT equivalent to the playa sequence -17.4 m AHO 
disconformity and the 30,000 BP date in the shallow-water laminated gypseous clay unit within 
the playa is CORRECT: This possibility, which is illustrated in Figure 2.15, also places the 
earlier major deflation episode, which excavated the basin to the Etadunna Formation, as 
a stage 6 event. Early in stage 5, lacustrine conditions in the basin deposited a 
transgressive sand unit and a deep-water lake sediment sequence capped by sediments 
deposited in a lake of more variable depth and salinity, with some breaks in deposition. 
Between 60 and 50 ka groundwater-controlled playa deflation occurred again and 
excavated the Lake Eyre basin much as we see it today with deflation re-excavating to the 
level of the Etadunna Formation. The Williams Point site was outside the area of playa 
deflation and the stage 5 lacustrine sequence was preserved there and buried by sediment 
deflated from the playa. Sometime after 50 ka shallow lacustrine conditions returned to 
the basin and the shallow-water laminated lacustrine unit in the playa was deposited. 
Shortly after 35 ka a playa deflation event, presumably associated with the onset of 
deposition of the Shelly Island unit, deflated the playa basin to the -17.4 m AHD level. 
The sequence of playa sediments above that level is associated with the episodic 
continuation of Shelly Island unit deposition. 
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Fig. 2.15. Possibility 'C' for the sequence of deflational and depositional events in Madigan Gulf. 
The lithological legend is the same as for Fig. 2.12. 
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Figure 3.1. Southern Tirari Desert region, east of Madigan Gulf, showing the location of 
sites described in this chapter. Approximate stage-5 shoreline location is based on 
known sites of lacustrine sediment and changes in dune pattern. Contours in Madigan 
Gulf from Bye et al (1978). 
Chapter 3. SOUTHERN TIRARI DESERT SEQUENCE 
A number of sites have been examined to the east of Madigan Gulf (Fig. 3.1) in the 
southern Tirari Desert. They are grouped for description into three regions, the Lake 
Clayton-Fly Lake region to the south, The Cooper Creek region in the north and the Lake 
Hydra to Lake Dom region in between. 
3.1. LAKE CLAYTON - FLY LAKE REGION 
Lake Clayton (Fig. 3.1) is a large irregular playa which receives inflow from the Clayton 
River and Frome Creek and connects to Madigan Gulf by a narrow neck east of Price 
Peninsula. Lake Clayton marks the boundary between the flat lake floor country of the 
Muloorina Plains to the south, and the dunes and playas of the Tirari Desert to the north. 
There are a number of irregular playas north of Lake Clayton which have large lee-side 
dunes or lunettes on their north-eastern margins (Fig. 3.2). The sand plain of the desert 
floor east of Madigan Gulf can be differentiated, on aerial photographs and satellite 
images, into an eastern zone which is marked by higher, well-organised dunes and a 
western zone with irregular poorly developed dunes. These differences in dune pattern are 
likely to reflect different ages of the underlying lake floor which is covered by a veneer of 
aeolian reworked sand. This relationship suggests that a palaeo-shoreline of Lake Eyre 
occurs along the eastern margin of Fly Lake and Lake Stegar. 
Cliff exposures occur at a number of sites along the margins of playas in the region. Two 
of the best exposures, at Tick North and at Fly Lake were extended by drill cores to the 
Etadunna Formation and are described in detail. 
3.1.1. Tick North site: 
The Tick North Peninsula is a prominent headland which juts some 5 km into Lake 
Clayton from the north (Fig. 3.2). The constriction which the peninsula causes in Lake 
Clayton has resulted in channel scouring around the headland, which is very obvious on 
aerial photographs (Fig. 3.3). The cross-section through the peninsula (A-A' in Fig. 3.3) is 
based on detailed observations on the east facing side which are extended to the west by 
stereo aerial photograph interpretation. There is cliff exposure of lacustrine sediments 
(Plate 3.1) on the eastern margin which are capped by aeolian sediments with a secondary 
gypsum horizon which extends across the peninsula to the west. The western margin is 
marked by a modern foredune which occurs almost continuously along the eastern margin 
of Madigan Gulf. 
A number of sections have been examined on the cliff exposure on the east facing side of 
'Tick North' peninsula at the locations shown on Figure 3.4. The logs of each section are 
shown in figures 3.5, 3.6 and 3.7, differentiating stratigraphic units as described in Table 
3.1. The following description of the stratigraphy of the site is based mainly on core LE 
91 /1 which is the most complete section with additional observations from other sections. 
Basal transgressive sands (Unit N): In core LE 91/l the basal 22 cm consists of sand and a 
thin clay band. The lower 7cm of clean, coarse and very coarse sand and gravel 
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Figure 3.2. Simplified geomorphic map of the Lake Clayton-Fly Lake area, southern Tirari 
Desert, east of Madigan Gulf, Lake Eyre. 
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Figure 3.3. Simplified geomorphic map of Tick North Head penmsula with a cross section (A-A') 
across the peninsula based on field description on the eastern side (A') and aerial photography for 
the rest. On the eastern margin, B-B' marks the position of the section shown in Figure 3.4 
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Figure 3.4. Cross section approximately north-south along the cliff exposure on the eastern margin of Tick North Head (location of B-B' 
shown in Figure 3.3). The cross section shows the location of stratigraphic sections described in the text. The uneven surface of the 
exposure illustrates the effects of gully erosion of a flat bench, forming evenly spaced flat-topped promontories separated by gullies. The 
large erosion residual at the northern end of the outcrop exposes the aeolian sediment which overlies the lacustrine sediment of the cliff. 
disconformably overlie Etadunna Formation dolomitic clay. The grains consist of well-
rounded quartz, silicified Etadunna Formation dolomite and other rock fragments. 
Overlying the basal sand are 5 cm of red-brown, non-calcareous, sandy clay with irregular 
wavy upper and lower boundaries. The upper portion of Unit N consists of 10 cm of 
coarse to very coars~, clean sand which is finer and slightly clayey at the top. The grains 
are dominantly well-rounded quartz with fewer reworked Etadunna Formation grains and 
a slower reaction to 10% HCl by comparison with the sand at the base of the unit 
suggesting a lower carbonate abundance. This unit is a shallow-water transgressive sand 
deposited as lacustrine conditions returned to the basin after a dry episode. The fining of 
grain size at the top of the unit marks a transition to the lacustrine sediments which overlie 
Unit N . 
The thin red-brown mud or sandy clay unit within the transgressive sand is unusual. No 
sediment of equivalent colour or texture has been recorded in similar transgressive sand at 
any other site. These characteristics and the lack of reworked detrital dolomite in the bed 
suggest that it has not been derived from the same source, or by the same processes, as the 
transgressive sand. The colour and texture are very similar to the fluvial overbank mud of 
the nearby 'Fly Lake' section (Units F2, Dl, 3, 5 & 7, Fig. 3.9) suggesting the likelihood that 
the layer represents an input of fluvial sediment from the nearby Clayton River. The 
boundaries with both the underlying and overlying sand are very sharp and appear 
erosional. The core provides insufficient exposure of those contacts to determine if their 
wavy irregular nature is due to erosional processes or to loading deformation of a thin 
coherent wet mud layer between two well sorted clean sand layers. 
Transitional Lacustrine sediments (Unit M 1-3): Overlying the transgressive sand are 116 cm 
of clean sand or yellow-brown, slightly clayey, sand interbedded with red-brown mud or 
clayey sand. The sand is non-calcareous at the base (below about -12.15 m AHD) but 
above this level a slow reaction with 10% HCl suggests the presence of detrital dolomite or 
a low abundance of calcium carbonate. Above -11.86 m AHD the sand shows a strong 
reaction to 10% HCl indicating the presence of lacustrine carbonate components. 
Interbedded with the sand are a number of thin laminae and one llcm thick bed (Sub-unit 
M2) of red-brown mud similar to Unit N. The unit is interpreted as a mixture of shallow-
water, lacustrine sediment with frequent influx of fluvial sediment; the site was probably 
under the depositional influence of the palaeo-Clayton River as it discharged periodically 
into the lake. 
Lacustrine sediment (Unit L 1-3): Overlying the transitional lacustrine sediment are 147 ems 
of lacustrine sand, clay and sandy clay. The unit consists of a number of sequences of up 
to 20-30 ems thickness which fine upwards from clean sand to sandy clay and clay. The 
unit is divided into three sub-units based on colour and carbonate content. Sub-units Ll 
and L3 are dark green and olive-grey and contain abundant calcium carbonate, with 
oogonia, ostracods and gastropods identified in sub-unit Ll. Sub-unit L2 is yellow-brown, 
with carbonate restricted to very low abundance at the base, and is coarser in texture than 
the other sub-units. The unit is interpreted as dominantly lacustrine in origin; the dark 
colours and finer texture of Sub-units L1 and L3, suggest greater water depth than Sub-unit 
L2. The coarser middle sub-unit (L2), with evidence of more oxidising conditions, suggests 
81 
82 
-3 
-4 
-8 
-9 
-10 
-11 
-12 
-13 
Tick North Head, Core LE 91/1 
A Light olive-grey sand with abraded oogonia, rare ooids, aeolian cross 
lamination 
B Olive-grey, clayey sand, abundant oogonia, marl layers at base 
_J.:..:~-.:;..><"""'-~-c Clean, well-sorted beach sand with very abundant 
.......... · ............. ·.· · 
gastropods at top, rare oogonia, ostracods ..-1-;-::-.:;·-,:. -;-::-js_a_n_d----------~ 
D Grey-olive, sandy clay with oogonia, j:::.\.\.JCoarse sand and gravel 
ostracods, minor pedogenesis at top E:.:,:.:,j Laminated sand and clay 
Laminated sand and occasional clay E;:~:~Unlaminated sand and clay 
E layers, thin ostracod-rich layers t-:-::3 Laminated clay 
F Grey-olive, finely laminated, sandy clay r~:~:junlaminated clay 
with primary gypsum evaporites ~Finely laminated clay G Laminated, grey-olive sand and thin  
clay layers E;:t~ Secondary discoidal gypsum 
b •: •:3 Primary prismatic gypsum Primary gypsum evaporites at top of horizon ~Dolomite, dolomitic clay H Laminated, olive-brown clay and sand  
with oogonia, ostracods, and algal tubes ~ Gastropod (Coxiellada gilesi) 
1 Unlaminated, dark grey-olive sand and 0 Charophyte oogonia 
clay, occasional oogonia c Ostracod 
~---------------~ J Light grey-olive, unlaminated sand, rare thin clay layers, 
oogonia at top, secondary discoidal gypsum at base 
Dark olive-brown, finely laminated clay and thin carbonate layers 
Dark olive-brown, unlaminated clay no carbonate 
Dark green-grey, finely laminated clay and thin carbonate layers 
Dark green-grey, poorly laminated clay, low carbonate abundance 
K 
Dark blue-grey, finely laminated clay and thin carbonate layers, rare 
gastropods at base 
Dark blue-grey, unlaminated clay, abundant gastropods oogonia, ostracods 
Laminated grey-olive, clay and sand, gastropods, oogonia, ostracods, 
fines upward 
Yellow-brown, laminated clayey sand, low carbonate, fines upward 
Unlaminated, dark olive-grey sand and thin clay, low carbonate, fines upward 
Yellow-brown and red-brown laminated sand and thin clay, low 
Mcarbonate 
Red-brown, laminated clay layer, no carbonate 
Yellow-brown and red-brown unlaminated sand and thin clay, detrital 
dolomite 
N Coarse transgressive sand, rock fragments, detrital dolomite 
0 Etadunna Formation, Miocene dolomitic clay 
Figure 3.5. Log of Core LE 91/1, Tick North Head. 
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UNIT TOP lfHICK- COLOUR TEXTURE SANDS CLAYS CARBONATE GYPSUM STRUCTURE DEPOSITIONAL 
m NESS ENVIRONMENT 
AHO (cm) 
Al ~+3 100-150 ~ight yellow layey '2uartz N.D. Primary abraded Dense cemented Pedogenic 
sand ~ypsum discoidal. Secondary secondary gypsum. gypcrete formed 
intergrown Polygonal patterns & on aeolian 
microcrystalline rhizomorphs sediment 
A2 300-350 [Buff brown ~and ~artzminor Some d ay Abundant. Abraded & Rare primary Primary lamination Lake marginal 
10YR6/4 gypsum pellets fractured oogonia rare alga l abraded discoidal. dune 
tubes, ooids & gastropods 
A3 125 ~ghtolive pand !f:ine quartz Someday Moderate abundance Rare primary Large scale cross-beds Lake marginal 
grey 2.5Y8/2 are pellets Oogonia abraded whole, abraded discoidal. dune 
rareooids 
B -2.95 43 Olive grey !Clayey Quartz Very Very abundant Oogonia. Rare isolated, <lcm Non-laminated, Shallow lake 
5Y6/2 ~and abundant Marl layers at base displacive discoidal. disrupted 
.brackish to saline 
Cl -3.38 9 ight grey 5and Quartz Absent Very abundant Gastropod Absent Sandy coquina. Beach brackish 
5Y7/2 shells &. fragments, rare Laminae of variable lake 
oogonia, ostracods shell content 
C2 23 ightgrey 5and !Quartz Absent Moderate abWldance Rare Absent Poorly laminated Beach brackish 
5Y7/2 gastropod shells & lake 
fraQ"ffients, oogonia 
D -3.61 70 µrey olive 5andy clay !Quartz Moderate Moderate abundance Rare isolated, <lcm Blocky, cracks from Lake sediment 
l2.5Y7/3 abundance Oogonia, ostracods displacive d iscoidal. surface, Manganese modified by minor 
dendrites pedogenesis 
E -4.31 50 r:>rey olive 5andminor !Quartz Very Moderate abWldance Absent Laminated Shallow lake 
lz.5Y7/3 lay layers abundant in Oogonia, ostracods (thin 
thin layers very rich layers) 
F -4.81 20 K;rey olive ~dyclay '2uartz Moderate Moderate abundance Prismatic primary Finely laminated Saline lake 
tz.5Y7/3 abundance Ostracods (thin very rich 'settled' fine laminae. intermedia te depth 
layers) Iron oxide s taining 
G -5.01 -5.06 f:;reyolive ~layey !Quartz Very Absent Absent Laminated Lake shallow and 
lz.5Y7 /4 sand abundant in intermediate depth 
thin layers 
H -5.60 73 P livebrown K:lay and p uartz Very Moderate abundance Prismatic primary Laminated,. Clastic Deep and shallow 
~.5Y5/3 15and abundantin Oogonia, ostracods algal 2-4mm laminae. gypsum rippled saline lake 
layers tubes (in sand) 'settled' and 'dastic' 
I -6.33 23 Park grey 15and, d ay !Quartz Abundant Moderate abundance Absent Sands laminated. Lake deep, to 
p liveSYS/3 f;:layeysand Oogonia in clayey sand Clay & clayey sand shallow 
not laminated 
J -6.56 54 µ reyolive 15and f:luartz Very Moderate abundance Secondary (2-5mm) Not laminated Lake shallow 
~.5Y7 /3 abundant in Oogonia, in upper sands displacive discoidal 
thin layers at lower boundary. 
Kl -7.1 22 !Dark olive ~lay !Absent Very Moderate abundance in clay. Absent Very finely laminated Lake deep water 
prown 
1>.SYS/4 
abundant Thin very rich laminae salinity stratified 
K2 20 !Dark olive WC:lay !Absent Very Absent at base. Low Secondary (5mrn) Not laminated, Lake deep water 
p rown abundant abundance at top, no rich displacive discoidal disrupted by gypsum 
j2.SYS/4 laminae 
K3 61 !Dark olive K:Iay !Absent Very Low abundance in clay. Absent Very finely Lake deep water 
~ey2.SY5/1 abundant Many thin very rich laminae laminated. Carbonate salinity stratified 
ark green laminae 0.5-lcm 
~rev IOG4/I spacing 
K4 22 !Dark green lay !Absent Very Very low abundance in day. Absent Poorly laminated Lake deep water 
~rev IOG4/1 abundant No rich laminae 
KS 136 !Dark green lay !Absent Very Low abundance in upper Absent Very finely Lake deep water 
Jgrey IOG4/1 abundant clay. Moderate in lower laminated. Carbonate salinity stratified 
clay. Rich laminae. Rare laminae <lmm (rarely 
gastropods up to 2mm) at lcm 
spacing (occasionally 
up to3cm) 
K6 25 Dark blue lay rare Rare quartz Very Moderate abundance in clay. Absent Not laminated Lake deep water 
grey IOG4/1 sand bands abundant Very abundant in sand, 
oogonia, ostracods, 
gastronods 
L1 -9.98 56 Grey o live lay& Quartz very Moderate Abundant. Oogonia Absent Laminated. Fines Lake deep, to 
7.SYS/2 5Y6/2 sand (at coarse, well abundance gastropods ostracods upwards shallow 2.5Y6/3 base) ounded 
L2 23 Yellow K:layey Quartz Moderate Very low abundance at base. Absent Laminated. Fines Lake shallow and 
brown 15and abundance 
2.SYS/4 
Absent above upwards intermediate depth 
7.5YR5/8 
L3 68 Dark olive ~d, clay Quartz Moderate Moderate abundance Absent Mostly poorly or not Lake shallow 
grey5GY4/1 ~andy clay abundance, Low at top laminated. Fines intermediate and 
very upwards deep 
abW1dant in 
thin layers 
Ml -11.45 72 Yellow 5and, thin Q uartz Very Low abundance at base. Absent Laminated Lake shallow 
prown f;:lay layers abW1dant in Higher above especially in 
10YR6/6 Red thin layers sands 
prown 
17.SYRS/6 
M2 33 1'ed brown rctay, thin 1'are quartz Very Absent Absent Laminated Lake shallow 
17.SYRS/6 ~and !avers abundant deltaic influence? 
M3 22 ltellow Sand, thin puartz Very Low abundance Absent Not laminated Lake shallow 
brown k:lay layers abundant in Dolomite? Detrita l? transgression, 
10YR6/6 Red thin layers deltaic influence? 
brown 
7.SYRS/6 
N -12.61 22 ~lean Red jeoarse Quartz, Absentin Moderate abundance Absent Not laminated Lake shallow, 
brown ~nd &clay Etadunna sand Very Dolomite. Detrital transgressio 
!7.SYRS/6 k:!olomite, abundant in 
1'ock layer 
ragments 
0 -12.83 1vvnite lday !Absent Very Very abundant. Dolomite, Absent Not laminated Miocene lake 
abundant detrital 
Table 3_1. Summary of the sedimentary components and stratigraphic units at the Tick North Site. 
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a brief period of shallower depth perhaps with a return of deltaic influence from the 
palaeo-Clayton River. 
Laminated deep-water lacustrine sediment (Unit K 1-6): Above -9.98m AHD are 288 cm of 
mostly finely laminated clay. The presence of three thin zones of non-laminated clay has 
allowed division of the unit into six sub-units. At the base of the unit are 25 cm of dark 
blue-grey unlaminated clay (Sub-Unit K6) which contain two thin("" 2cm) sand-rich layers. 
The clay is moderately calcareous and contains gastropods whereas the sandy horizons 
are highly calcareous with gastropods, oogonia and ostracods present. The dark colour, 
which suggests reducing conditions, and the very fine texture of the sediments suggests that 
deep-water conditions prevailed in the basin with deposition well below wave base. The 
lack of lamination indicates that, despite the suggestion of reducing conditions, sediment-
churning benthos were present and therefore the lake could not have been permanently 
stratified. The presence of thin sand-rich horizons demonstrates that shallower conditions 
occasionally pertained with mixing of the water column likely at such times. The 
gastropod has been identified as Coxiellada gilesi a shallow water benthic grazer (De 
Deckker, pers comm) which should not be expected in deep water sediments. De Deckker 
(pers comm) has reported that Coxiellada gilesi can be found relatively commonly in 
sediments indicating deeper water than its normal living range and suggested transport on 
vegetation rafts as likely mechanisms to explain this anomaly. The abundance of 
Coxiellada gilesi in this sub-unit suggests that if they have been transported from shallow 
water environments by such methods then the source must have been relatively close. The 
presence of sand horizons supports that proposition. 
Sub-unit KS consists of 136 cm of dark green-grey, very finely laminated clay with thin 
white carbonate laminae. The clay in the lower 60 ems of the sub-unit is moderately 
calcareous and in the upper portion, much less calcareous. A single Coxiellada gilesi 
gastropod shell was found in the lower portion of the sub-unit. The thin white laminae 
contain extremely fine micro-crystalline carbonate which reacts extremely vigorously with 
cold 10% HCl suggesting the likely presence of calcium carbonate. The laminae are mostly 
less than lmm in thickness but occasionally up to 2mm. Carbonate laminae in the lower 
portion of the sub-unit are irregularly spaced at intervals of 1 to 3 cm. In the upper portion 
of the unit spacing is more regular at about 1 cm but occasional gaps between laminae of 2 
to 3 cm occur. The very fine lamination and the dark colours suggest deposition in deep 
Plate 3.1. Tick North Site, Lake Clayton. Lower case labels indicate lithological 
characters and features. au= aeolian unit. 
A. View, looking north west, at the Tick North outcrop. The flat-surfaced lacustrine 
sediment sequence with a network of regular parallel gullies has been trimmed back by 
wave action, resulting in a regular set of flat topped erosion residuals. Core LE 91/l was 
located on top of one of the erosion residuals. The higher residuals in the background are 
remnants of the overlying aeolian unit (see Figs. 3.4; 3.8). 
B. View from near the LE 91/l drill site at Tick North, looking south on the upper surface 
of the lacustrine sequence and showing exposures of the Coxiellada-rich beach sand (Unit 
C). Variations in the amount of shell material, and resultant minor secondary carbonate 
cementation, have enhanced the preservation and exposure of bedding as the unit has been 
eroded. 
Plate 3.1 Tick North Site, Lake Clayton 

Metres BM Section 
AHD ~,-;,-;,-;.:_-;.:.-;.:.-;.:.-;.:. B 
TICK NORTH HEAD, LAKE CLAYTON 
-3.5 
-4 
.,..;..;,;;.:,...~""'.;..:.:,.:.-;...-1=1C Clean, white, well-sorted, quartz sands with whole and fragmented 
Coxiellada gilesi gastropods 
Cliff Section 
Buff laminated sands with faint yellowish brown mottles 
D 
Buff laminated sands, clay rich in upper portion of layer 
Finely laminated clay with fine partings of prismatic (?) gypsum 
Clean coarse sands with oogonids and ooids 
Clean coarse sands 
Laminated clays and sandy clays 
-5 .-':;,...:,:,_·'-.';,_..:,:,_..:,:,_..:,:,_..:,:,_..:,:,_ 
~Imiff; 
Finely interlaminated clay and prismatic gypsum 
Hard, cemented, prismatic (?) elastic gypsum 
Interlaminated clay and sandy clay 
-5.5 
-7.5 
-8.5 
J--'.,'•"'"•,,...•"'"""•"'"'•:.,:....:.,•:...:•:.,:....:.,•'-4-.:__... Hard, cemented, ripple cross laminated elastic gypsum 
..:,':"',:.':"..:,':"'..:.':'"..:.':"'..:.':".:.':""..:.':" 
.. ........ ....... 
• -=: :-=: :-=:-=:--=: :-=: :..::-=:-..:: :-=:: 
--------..:.·..:.·..:.·..:.·..:.·..:.·..:.·..:.· 
... ............. . 
--------
················ .-:.-: .-::-: .-:.-:.-:.-: . 
--------·~+~+~+~+~~~+~+ 
Clean coarse sands 
H Interlaminated clay and sandy clay 
Grey-green sandy clay 
--=-,,.....,,"-='"-='""~"1-1---,.Hard, cemented, ripple cross laminated elastic gypsum 
: .: ,.,:.-::::,: .-:: .- :::: :.-::: 
.,., ., .,.,.,.,., 
,.,.,.,.,.,.,., . 
. ,.,.,., .,.,.,., 
, ., ., .,. , ., .,. , . 
. ,. ,.,.'. ,.,., ., 
, ., . , •I'•,.,.,., . 
. ,.,.,., ., ., ., ., 
Grey-green sandy clay 
Massive grey-brown sandy clay 
Clean white medium quartz sands 
Grey-brown sandy clay 
Green-grey slightly clayey coarse sand with oogonia and secondary gypsum 
J 
Reddish brown clayey sand 
Buff-grey, laminated, medium-fine sands 
Reddish brown clayey sand 
Laminated green-grey clay 
Finely interlaminated green-grey clay and 
prismatic gypsum 
Finely laminated green-grey clay with 
yellowish Iron -rich partings 
Finely laminated green-grey clay with 
thin white prismatic gypsum (or carbonate) 
partings. 
K Clays becoming greyer with depth 
Finely laminated grey clay with thin white 
prismatic gypsum (or carbonate) partings. 
~Sand  
l~'. . h'.~'.1Coarse sand and gravel 
E:-=::-=:j Laminated sand and clay 
rnmunlaminated sand and clay 
~ -: -: 3 Laminated clay 
Dunlaminated clay 
~Finely laminated clay 
~:_:.~Secondary discoidal gypsum 
t•:•:3Primary prismatic gypsum 
~Dolomite, dolomitic clay 
6 Gastropod (Coxiellada gilesi) 
e Charophyte oogonia 
e Ostracod 
Figure 3.6. Stratigraphic log of the Cliff Section and BM Section, Tick North Head. 
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water, where anoxic reducing conditions are maintained by permanent salinity-
stratification of the water column. The anoxic conditions preclude the presence of 
sediment churning benthic organisms, allowing the preservation of extremely fine 
lamination. The thin carbonate layers must represent periodic inorganic precipitation 
events probably in the upper part of the water column, above the chemocline, when 
evaporation increases salinity following an inflow of fresher water. As proposed for 
similar facies at the Williams Point (Section 2.1.1), the original precipitate might be gypsum 
which settles to the anoxic floor of the lake and is converted to carbonate by the action of 
sulphate reducing bacteria. 
Sub-unit K4 consists of 22 cm of unlaminated dark green-grey clay, with a very low 
abundance of carbonate. Discrete carbonate-rich laminae are absent. Although the fine 
grain size and dark colours suggest the continuation of deposition in deep water with 
reducing conditions, the lack of fine lamination suggests that salinity stratification of the 
water column had broken down allowing the survival of sediment-churning, benthic micro-
organisms. This unlaminated clay is overlain by 61 ems of very finely laminated, dark clay 
and thin white carbonate laminae (Sub-unit K3). These sediments are very similar to those 
of the KS sub-unit although the carbonate laminae are slightly more common and more 
regularly spaced at 0.5 to 1 cm. The sub-unit is dark green-grey at the base but becomes a 
paler dark olive-grey in the upper 20 cm. Sub-unit K3 represents a return to deposition in 
a salinity-stratified lake with anoxic bottom conditions. 
The two upper sub-units are dark olive-brown, paler than the lower portion of the unit. 
Sub-unit K2 consists of 20 cm of unlaminated clay which is disrupted by the displacive 
growth of discoidal, secondary gypsum crystals generally less than 0.5 cm in size. The clay 
is non-calcareous at the base but slightly calcareous at the top. White carbonate rich 
laminae are absent. As with sub-unit K4 the fine grain size and dark colours suggest the 
continuation of deposition in deep-water with reducing conditions; the lack of fine 
lamination suggests that the water column was no longer salinity stratified. It is not clear, 
however, why this sub-unit contains post-depositional secondary gypsum which is absent 
from the rest of Unit K. At the top of Unit K are 22 cm of dark olive-brown, very finely 
laminated clay and thin carbonate-rich laminae deposited in deep water after the lake had 
again become salinity stratified with anoxic bottom water. The clay of Sub-unit Kl is more 
calcareous than the rest of the laminated clay of Unit K with the exception of the lower 
portion of Sub-unit KS, near the base of the unit. There is a thin layer of discoidal 
secondary gypsum at the top of the unit which is derived from gypsum translocated 
through the more permeable overlying sand and precipitated at the change in texture. 
Shallow- and intermediate-depth lacustrine sediments (Units J to B): Overlying the laminated 
deep-water clay is a sequence of 41S cm of mostly sandy, nearshore, beach and 
occasionally deeper-water sediments which comprises most of the sediment in the cliff 
exposure at the 'Tick North' site. The colours are dominantly grey-olive and much paler 
than the underlying laminated clays owing to the dominance of shallower water deposition 
under oxidising conditions. 
Units J to D are mostly sand or slightly clayey sand with occasional thin clay laminae. 
They are unlaminated or poorly laminated. With the exception of Unit G, the sequence is 
calcareous, particularly the sands which contain abundant shallow-water biogenic 
carbonates, particularly oogonia and ostracods. Bio-induced carbonate in the form of algal 
tubes occurs more rarely. In Units E and F thin horizons are sufficiently rich in ostracods 
to form micro-coquinas. Units Hand F contain thin laminae of very fine-grained prismatic 
primary gypsum mostly of the 'settled' variety but some elastic gypsum layers with ripple 
cross lamination occurs in Unit H . Units J to D were deposited under nearshore and 
intermediate-depth lacustrine conditions with occasional periods of deeper water. The 
water was mostly brackish and rich in lacustrine fauna. Occasionally, conditions became 
more saline and thin layers of primary gypsum evaporites were formed as lake salinity 
periodically reached gypsum saturation during evaporation episodes. At some of these 
times the lake was sufficiently shallow for elastic reworking of the evaporites. 
On the scree slope at the base of the cliff at the 'Tick North' site a number of plate-like 
pieces of cemented fine sandy sediment were found, rich in remains of small fish including 
numerous vertebrae, plates and spines. This horizon must represent a substantial fish-kill 
event, similar to those recorded at the terminal stages of the ephemeral filling of 1950 and 
1974-1976 (Peake-Jones, 1955; Ruello, 1976; Dulhunty and Merrick, 1976a, 1976b). The 
fish-kill horizon almost certainly comes from the sequence of units J to D but is sufficiently 
discontinuous to have not been found in situ in the cliff sequence (despite considerable 
searching) or identified in core LE 91 /1. 
Unit D consists of 70 cm of lacustrine sandy-clay which contains oogonia. Lamination is 
not present and the unit has slight brown mottling, secondary dendritic manganese nodules 
and small secondary displacive discoidal gypsum crystals. In the Gully Section (Fig 3.7) 
Unit D has a sharp upper boundary with moderately well developed vertical cracking and 
secondary horizontal cracking which produces a blocky structure in the upper portion. 
These features suggest that the lake dropped below this level for a period long enough for 
pedogenesis to modify the sediment, with destruction of primary sedimentary structures 
and translocation of some components by meteoric water. There was sufficient moisture 
and time available for gypsum mobilisation but not for solution of some of the primary 
lacustrine carbonates. 
Disconformably overlying this pedogenically modified horizon at about -3.7m AHD are 
about 30 cm of coarse, shelly, well-sorted and rounded beach sand (Unit C). The lower 
portion of the unit consists dominantly of quartz sand with numerous gastropod shell 
fragments and less common oogonia and ostracods. In the BM Section (Fig. 3.7) the lower 
portion contains a thin layer very rich in whole gastropods shells. The upper portion 
contains numerous whole or nearly whole shells of the gastropod Coxiellada gilesi. In the 
Gully Section (Fig. 3.7) both upper and lower portions of Unit C have large scale shallow-
angle cross-bedding. Beach sand disconformably overlying the soil at the top of the 
underlying lacustrine sequence indicates that lacustrine conditions had returned to the 
basin and a still-stand at around -3.5 m AHD allowed the deposition of beach sand. This 
unit is very similar to the Coxiellada gilesi-rich beach sand of Unit B at Williams Point 
(Section 2.1.1) which occur at a very similar absolute level. 
Overlying the shelly beach sand in core LE 91/1 are 43 cm of light olive-grey lacustrine 
sandy clay (Unit B). The basal portion of this unit also occurs in the BM Section (Fig. 3.7). 
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Metres 
AHO 
BM Section 
-3.2 
-3.4 
-3.6 
Metres 
AHO 
Gully Section 
-3.4 
-3.6 
-3.8 
....... .......... 
TICK NORTH HEAD 
LAKE CLAYTON 
Surface lag of discoidal secondary gypsum crystals 
B Grey sandy clay with grey-brown mottles and occasional discoidal 
secondary gypsum 
Clean white well-sorted quartz sand with 
very common whole and fragmented 
Coxiellada gilesi gastropods 
C Clean white well-sorted quartz sand with 
occasiona1Coxiellada gilesi gastropod 
fragments 
Green-grey sandy clay with yellow brown 
D mottles, occasional charophyte oogonia 
122Jsand 
w-;;:;:q Coarse sand and gravel 
E~..:,~..:,~ Laminated sand and clay 
rnmunlaminated sand and clay 
b -: -: 3 Laminated clay 
Ouruaminated clay 
~Finely laminated clay 
E:t::~ Secondary discoidal gypsum 
b •:•:3 Primary prismatic gypsum 
~Dolomite, dolomitic clay 
6 Gastropod (Coxiellada gilesi) 
0 Charophyte oogonia 
e Ostracod 
Surface lag of discoidal secondary gypsum crystals 
Clean white well-sorted cross-bedded coarse quartz sand with very common 
whole and fragmented Coxiellada gilesi gastropods 
Clean white well-sorted cross-bedded medium and coarse quartz sand with 
occasional Coxiellada gilesi gastropod fragments 
Vertical cracks 
D Grey-brown slightly sandy clay with vertical blocky structure in the upper 
portion and minor development of discoidal secondary gypsum 
:111~111 E Hm~ont•lly famm.ied medium '=d<, ITTted•~"'d with thin cfay l•ym -4 
-4.2 
-4.4 
·: ·~t~ :·~·::·{::~.-:.~ ·:x.: ~:~·;. 
//////// 
'''''''' //////// 
Figure 3.7. Stratigraphic logs of the BM and Gully Sections, Tick North Head 
This unit is unlaminated and shows evidence of minor pedogenic modification in the form 
of slight brown mottling and isolated, displacive, discoidal, secondary gypsum. However, 
its lacustrine origin is clearly indicated by the abundance of well-preserved oogonia and 
the presence at the base of the unit of some thin laminae of extremely fine grained 
carbonate rich clay or marl. Unit B represents deposition in a lake of intermediate depth 
with brackish water rich in lacustrine fauna. 
Lake marginal aeolian unit (Unit A): At -2.95m AHD in core LE 91/l the lacustrine 
sediment sequence is disconformably overlain by aeolian sand which contains some 
reworked lacustrine components. The basal portion of this unit (Sub-unit A3), at the top 
of the core and in the base of the large erosion residual above the cliff section (Fig 3.4), 
consists of coarse and medium quartz sand. Oogonia are common and mostly whole but 
are abraded with the spiral rib ornamentation wholly or partially removed. Ooids and 
reworked sand-sized discoidal gypsum occur rarely. Minor amounts of clay occur as 
pellets and as discontinuous coatings on grains. This minor clay component imparts a light 
olive-grey colour to the sub-unit. Large scale cross-bedding is evident in the residual. The 
sub-unit represents sand derived from regressive beach sediments which are rich in 
lacustrine carbonate components. Dune formation was sufficiently close to the lacustrine 
event, in space and time, that the clay component retains colours indicative of minimal 
oxidation. At -1.71 m AHD, in the erosion residual, there is an abrupt transition to 
aeolian sand of Sub-unit A2. This laminated sand is very similar to the underlying 
sediment but the oogonia are often fragmented and the clay component is buff-brown. 
These changes indicate that after an interruption (probably brief) aeolian sedimentation of 
essentially identical material continued but from a more distant source and perhaps under 
more arid conditions, which promoted more rapid oxidation of the iron in the clay. No 
evidence was noted for an increased abundance of gypsum and clay pellets which would 
also indicate increased aridity in the basin and a trend towards dominance of groundwater 
controlled deflation of the lake-floor sediments. However, this upper part of the Tick 
North sequence has not been examined in enough detail to rule this possibility out. 
At Williams Point and a number of other sites in the region where aeolian sediments with 
similar components occur at the same stratigraphic position the upper part of the unit is 
gypsum rich and is capped by a well developed pedogenic gypcrete. At the Tick North 
site the upper part of the aeolian unit is not exposed in the cliff section and is covered by 
mobile modern sand at the crest, behind the outcrop (Fig 3.3). West of the mobile sand 
crest in the interior of the peninsula, the eroded upper part of the aeolian unit is exposed 
and gypcrete is present with rhizomorphs and polygonal patterns, as occur at Williams 
Point. However, the pedogenic profile has not been examined in vertical section at this site 
and its characteristics cannot be detailed. The lower and middle portions of the dune 
exposed by the deflation surface sloping up to the west behind the outcrop do not contain 
as much primary gypsum as the Williams Point dune and pedogenic gypsum rhizomorphs 
do not extend down to that level. Emu and Genyornis eggshell are common on the deflation 
surface behind the outcrop as well as on the extensive deflation exposure of the upper 
portion of the aeolian unit in the interior of the peninsula west of the mobile sand crest. 
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3.1.1.1. Chronology of the Tick North sequence: 
Chronological analyses from the Tick North section are restricted to three AAR analyses on 
Coxiellada from the beach sand (Unit C) at the top of the cliff , twelve AAR analyses on 
emu and Genyornis eggshell from the aeolian sand (Unit A) above the cliff and two AMS 
14c dates from emu eggshell also from the aeolian unit (Fig. 3.8). Insufficient calibration of 
the AAR reaction in Coxiellada prevents a numeric estimate of age from the D /L ratio, but 
a relative chronology is possible. The mean D/L ratio of 0.657 ± 0.105 is very close to the 
mean D /L ratio of other samples from similar beach sediments at the same elevation 
around Madigan Gulf (see Table 5.17) . 
The numeric age estimates of most of the emu and Genyornis eggshell D /L ratios 
(calibration from Fig A2.6) indicate an age for deposition of the aeolian unit of between 50 
and 60 ka. Eggshell is rarely found indisputably in situ and although, only fresh angular 
fragments, believed likely to be freshly exposed, are used for dating, the possibility of 
reworking from younger units cannot conclusively be ruled out. This is particularly true for 
emu eggshell which occurs commonly in aeolian units younger than 36-40 ka which thinly 
mantle much of the landscape in the Lake Eyre region. Genyornis became extinct in the 
basin at about 45 ± 5 ka (Miller et al., In Prep.) and therefore preferential selection of 
Genyornis for dating avoids contamination from those widespread younger aeolian units. 
Two terminal Pleistocene AMS 14c dates were obtained from emu eggshell fragments, 
which the D /L ratios indicated would fall within the radiocarbon range. Both samples are 
younger than predicted from the D /L ratios (Fig 3.8), particularly AA 20894, indicating 
that shallow burial and surface heating may have affected the younger eggshell fragments. 
3.1.1.2. Palaeoenvironmental summary of the Tick North sequence 
At some time, well before 50-60 ka, deposition of a shallow-water transgressive sand unit 
marks the onset of a lacustrine episode at the Tick North site. This lacustrine event 
followed a period of erosion that had truncated the site to the Etadunna Formation at a 
level close to -13 m AHD, some 2 m below the present playa. As shallow-water lacustrine 
conditions became established, thin interbedded red-brown mud and sandy mud units 
represent the occasional influx of fluvial or deltaic sediment from the nearby Clayton River. 
Conditions then become more dominantly lacustrine with dark colours and finer texture 
indicating greater water depth and only minor episodes of shallower depth marked by 
sediment influx from the palaeo-Clayton delta. Permanent deep-water conditions then 
became established for a long period, resulting in the deposition of almost 3 m of mostly 
laminated clay. This unit consists dominantly of dark coloured, very finely laminated 
clays, with abundant thin carbonate laminae, deposited in a deep-water saline lake, with 
anoxic reducing bottom-conditions maintained by permanent salinity-stratification of the 
water column. The anoxic conditions allowed the preservation of extremely fine 
lamination, by precluding the presence of sediment churning benthic organisms. The thin 
carbonate layers represent periodic inorganic evaporative precipitation, probably in the 
upper part of the water column, above the chemocline. The original precipitate is probably 
gypsum which settles to the anoxic floor of the lake and is converted to carbonate by the 
action of sulphate reducing bacteria. Interbedded with the finely laminated clays are thin 
Tick North Site 
Lake Clayton 
Metres 
AHD 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 
-12 
-14 
~Sand  
l~:.-?o'.~H Coarse sand and gravel 
E:.:,:.:,j Laminated sand and clay 
rnmunlaminated sand and clay 
t-: ~3 Laminated clay 
~Unlaminated clay 
~Finely laminated clay 
E'.;:'.;:~ Secondary discoidal gypsum 
~ •: •:3 Primary prismatic gypsum 
~Dolomite, dolomitic clay 
6 Gastropod (Coxiellada gilesi) 
0 Charophyte oogonia 
e Ostracod 
Calibration 
AAL D/L model age (ka) 
8264 0.591 49.3 
7917 0.591 57.1 
7916 0.613 59.5 
7915 0.614 52.0 
7953 0.588 56.8 
7952 0.644 54.6 
7954 0.679 55.4 
Figure 3.8. AAR and AMS 14 C analyses from the Tick North Site. Conversion of D/L ratios 
to numeric age is based on the calibration model presented in Figure A2.6) . Emu eggshell 
racemizes slightly more rapidly than Genyornis eggshell (factor = 1.18). 
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units of unlaminated non-calcareous clay which indicate periods when mixing of the water 
column occurred. 
After deposition of the laminated deep-water clay sediments, the lake shallowed and 
became dominated by oxidising conditions, as water depth and salinity oscillated. A 
sequence of 4.15 m of mostly sandy, nearshore, beach and occasionally deeper-water 
sediments, deposited in this phase, form most of the sediment in the cliff exposure at the 
Tick North site. The colours are dominantly grey-olive and much paler than the underlying 
laminated clays, owing to the dominance of oxidising conditions. The water was mainly 
brackish and contained abundant lacustrine fauna . Thin layers of primary gypsum 
evaporites were formed as lake salinity periodically reached gypsum saturation during 
evaporation episodes; at times the lake was sufficiently shallow for elastic reworking of 
the evaporites. Other indications of fluctuating salinity include abundant fish remains in a 
cemented horizon which represent a substantial fish-kill event. The upper part of this 
variable lacustrine sequence shows evidence of minor pedogenic modification indicating 
that the lake had dropped below this level, probably for at least some thousands of years. 
Beach sand, with abundant Coxiellada gilesi gastropod shells, which disconformably 
overlies the soil, indicates that lacustrine conditions had returned to the basin. A thin 
unlaminated calcareous sandy clay unit above the beach sands indicates deposition in a 
lake of intermediate depth with brackish water rich in lacustrine fauna; it also shows 
evidence of minor pedogenic modification. Disconformably overlying the lacustrine 
sequence, are aeolian sediments which contain abundant beach components and indicate a 
period of deflation followed drying of the lake. Retention, in the clay component, of 
colours indicative of minimal oxidation, indicates that dune initiation was close to the 
lacustrine event, in space and time. An abrupt change to redder colours and more abraded 
lacustrine carbonates indicates that, after a brief interruption, aeolian sedimentation of 
essentially identical material, continued from a more distant source under more arid 
conditions. AAR dates from Genyornis eggshell from the upper part of the aeolian unit 
indicate deposition in the period 50-60 ka. Although it is not exposed in the cliff section, 
deflation exposures of the top of the aeolian unit, further inland in the peninsula, expose a 
well developed pedogenic secondary gypsum horizon. This soil indicates that a period of 
landscape stability followed deposition of the aeolian unit, with sufficient meteoric 
moisture available for substantial mobilisation of gypsum. Following development of the 
pedogenic gypsum, the unit was truncated to the gypsum cemented zone, indicating the 
onset of more arid conditions. 
Younger dune units exist at the site as demonstrated by the presence of emu eggshell of 
Holocene and terminal Pleistocene age as indicated by both AAR and AMS 14C dating. 
3.1.2. Fly Lake 
The Fly Lake section is a composite of the cliff profile and core LE 91/2 (Fig. 3.9, Table 
3.2; Plate 3.2) at the "Conical Hill" site, at the tip of the peninsula which juts into the lake 
from the north (Fig. 3.2), and from the overlying dune about 300 metres north of "Conical 
Hill". The Quaternary sequence in the core bottomed at -11.43 m AHO where white 
dolomitic clay of the Etadunna Formation occurs. The Quaternary sequence is described 
from base to top. 
Basal transgressive sand (Unit K 1 - 2): In core LE 91 /2 the basal transgressive sand can be 
divided into two sub-units. The basal 11 ems (Unit K2) consists of light grey sand which 
fines upwards from gravelly, coarse sand at the base to medium and coarse sand at the 
top. Quartz and reworked white, Etadunna Formation grains dominate. Gravel-sized 
clasts at the base predominantly consist of platey white Etadunna Formation fragments. 
A slow reaction with 10% HCl increases markedly on warming suggesting the carbonate 
mineralogy is dominated by the detrital dolomite component. This sub-unit was deposited 
as a shallow-water transgressive sand as lacustrine conditions returned to the basin after a 
dry episode. Unit Kl is transitional to the overlying laminated lacustrine clay and consists 
of 15 ems of clay and sandy clay interlaminated with thin layers of medium and coarse 
sand similar to the upper part of Unit K2. The clay is dark in colour, suggesting a trend 
towards reducing deep-water conditions but still interrupted by occasional shallow-water 
episodes. Between -11.29 and -11.32 m AHD black clays occur. The nature of the black 
colouration is not known. 
Laminated lacustrine unit (Unit J 1 - 2): Overlying the transgressive sand are 187 ems of 
laminated lacustrine clay which can be sub-divided into two sub-units. The lower 99 ems 
(Unit J2) consist of blue-grey mostly poorly laminated clay interbedded with gypsum 
layers up to 3 cm thick. The clay is finely laminated at the base of the sub-unit below 
-11.04 m AHD but poorly laminated above that. They are blue-grey (lOY 4/1) throughout 
except for 5 ems of olive-grey (2.SY 5/4) clay below -10.53 m AHD. The clay shows no 
reaction with 10% HCl indicating an absence of carbonate. Rarely, 2 - 5 mm displacive 
discoidal secondary gypsum crystals occur in the clay. The gypsum laminae are white and 
sugary in texture with a predominance of sand-sized crystals. The layers are apparently 
disrupted by the growth of sand-sized displacive discoidal secondary gypsum and, 
without thin-section observations, it is not possible to discern their origin. It is most likely 
that they were originally primary lacustrine gypsum layers, consisting of prismatic crystals. 
No ripple cross-stratification or other evidence of elastic reworking in shallow water 
occurs, suggesting a likely origin as layers of 'settled' gypsum which precipitated in a deep 
saline lake and accumulated below wave base. Gypsum layers generally show no reaction 
with 10% HCl suggesting they are carbonate free. At the top of the sub-unit at -10.18 m 
AHD a 2 cm gypsum layer is slightly calcareous. 
The upper sub-unit (Unit Jl) consists of finely laminated clay with thin (1-2 mm) whitish 
micro-crystalline carbonate layers (Plate 3.2 C). The clay is finely laminated throughout 
and calcareous with a moderate reaction to 10% HCl which does not vary with warming 
suggesting that calcium carbonate is dominant. Olive grey (2.SY 6/3, 6/ 4, 7 I 4) colours 
become darker below -9.5 m AHD where grey brown (lOYR 5/4) and green- and blue-grey 
(SY 5/1 and lOY 4/1) clay occurs. The thin carbonate laminae are irregularly spaced at 
intervals varying from about 3 to 10 ems. This spacing is similar to the gypsum layers in 
the underlying sub-unit. The very fine lamination and the mostly dark colours suggest 
deposition in deep water where anoxic conditions due to salinity stratification have 
precluded the presence of sediment-churning benthos. As in the carbonate-rich laminated 
clay of core LE 83/6 at Williams Point, Madigan Gulf, the absence of gypsum and its 
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Metres Conical Hill Section, Fly Lake 
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•/•/•/•, •/•/·/•.!'• 
B Buff-brown clayey s~d disrupted by secondary discoidal gypsum. 
Clean medium sand with occasional oogonia 
Surface lag of discoidal secondary gypsum crystals 
Buff-grey slightly clayey sand with discoidal secondary gypsum 
..,..,.,..,.,..,.,..,.,..,.,-,.,..;,.,..,.,,.,.:'-i-...... Red-brown sandy clay disrupted by dessication and secondary gypsum 
"-Yellowish laminated sand with secondary gypsum, well-sorted at base 
Red-brown conchoidally cracked clay cracks from upper surface, sand 
..,..4". ............... ~....._1 -10 filled and gypsum plugged ...,~r<-~~~-<1'°1-Wavy cross-laminated clean medium sand, iron stained at base 
Red-brown conchoidally cracked clay cracks from upper surface, gypsum 
plugged. Fine sand a at base. Manganese dendrites 
Buff clean sand, upper part wavy cross laminated. 
;:Red-brown clay 
J:i.i=~~;..,:;..,:;..;:;..,:;...i«-.....E Prismatic (?) gypsum layer 
Grey-brown laminated clay with Iron stained gypsum/sand partings 
Clean laminated sand, yellowish iron staining increasing downwards 
~,.....,..,.....:"':-'-~~•-1/ Red-brown slightly sandy clay 
~~zj~~~$j~-Hard cemented slightly clayey sand with red grains common 
F Red-brown slightly sandy clay 
Hard cemented clean fine to medium sand with thin irregular mud 
drapes. Large cross set beds 20-30cms thick with wavy internal 
laminae 
Laminated green-grey and grey-brown clay 
Fine wavy laminated sand with thin mud layers and drapes 
t-=;._,.:_:....:..._.::._-=--'_ =---=-....:..._=1-1 G 
Laminated green-grey and grey-brown clay 
Very clean, white, well sorted medium and coarse quartz sand 
H Clean, well sorted, medium sand with secondary discoidal gypsum 
becoming more common towards base of layer, rosettes common 
I-Thin hard white cemented carbonate (dolomite?) layer 
Finely laminated clay and carbonate .----------------~ 
EZJsand 
Finely laminated lacustrine clay 
Laminated clay and gypsum 
Fo;..,;:.~;::.,;:~:;::,.:;:"i,.iK Laminated sand and clay 
=· :.::·~=~~:f~::::_.:_- :_.:~ =..=~·,.:.::.. Gravelly sand 
L Etadunna Formation, dolomitic clay 
!>?-:::~coarse sand and gravel 
~~.:,~.::J Laminated sand and clay 
rnmunlaminated sand and clay 
b-:-:~ Laminated clay 
~~: ~: j Unlaminated clay 
~Finely laminated clay 
E;;~ Secondary discoidal gypsum 
b •: •:3 Primary prismatic gypsum 
~Dolomite, dolomitic clay 
e Gastropod (Coxiellada gilesi) 
e Charophyte oogonia 
«•«• Fine carbonate lamination 
e OSL sample site 
Figure 3.9. Stratigraphic log of the Conical Hill Section, Fly Lake 
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UNIT TOP THICK COLOUR TEXTURE SANDS CLAYS CARBONATE GYPSUM STRUCTURE DEPOSITIONAL 
metres -NESS ENVIRONMENT 
AHD (cm) 
Al ~ +3 100-150 Light yellow Clayey Quartz Rare N.D. Primary abraded Dense cemented secondary Pedogenic 
sand discoidal. Secondary gypsum. Polygonal gypcrete formed 
intergrown pa ttems & rhizomorphs on aeolian 
microcrystalline sediment 
Al 450-500 Light yellow Slightly Quartz Rare Very low abundace. Primary abraded Rhizomorphs diminish in Lake marginal 
clayey Occasional abraded discoidal. Minor size and ablll1dance down aeolian unit 
sand oogonia secondary intergrown sub-unit 
microcrystalline 
B -4.0 36 Buff brown Clayey Quartz Abundant Moderate abundance Discoidal secondary No lamination. Matrix lacustrine 
sand. disrupted ostracod.s isolated throughout. disrupted sediment 
Sandy Lag on bench surface 
dav 
Cl -4.36 25 Buff grey Sand Quartz Absent Moderate abundance Rare discoidal No lamination Shllow-water 
clean ostracods, oogonia, secondary lacustrine, beach 
rare algal tubules 
C2 70 Buff grey Sand Quartz Absent N.D. Abundant discoidal No lamination Shllow-water 
dean secondary up to lcm lacustrine, beach ? 
DI -5.31 9 Red-brown Sandy Quartz Abundant N.D. Isolated displacive No lamination, disrupted Pluvial overbank 
day disrupted discoidal secondary crumbly vertical accretion 
D2 7 Yellow grey Sand Quartz Absent N.D. Isolated discoidal No lamination. Fills cracks Flood sheet sand. 
secondary. <1 cm penetrating underlying unit Vertical accretion 
D3 27 Red-brown Clay Absent Abundant Moderate abundance Secondary discoidal No lamination. Blocky, Fluvial overbank 
source unknown intergrown in crack conchoidal faces on blocks. vertical accretion 
from upper boundary Sand and gypsum filled 
dessication cracks 
DI 10 Clean Yellow Sand Quartz Absent Moderate abundance Isolated discoidal Wavy lamination, thin mud Flood sheet sand. 
grey minor detrital? secondary. <1 cm drapes Vertical accretion 
mud 
D5 19 Red-brown Clay Absent Abundant Moderate abundance Secondary discoidal No lamination. Blocky, Fluvial overbank 
source unknown intergrown in crack conchoidal faces on blocks. vertical accretion 
from upper boundary Sand and gypsum filled 
dessication cracks 
D6 14 Buff-grey Sand Quartz Minor (Thin N.D. Isolated discoidal Some wavy lamination. Flood sheet sand. 
minor internal mud secondary. <1 cm Mud layer blocky, Vertical accretion 
mud !aver) conchoidal 
D7 13 Red-brown Clay Absent Abundant N.D. Absent No lamination. Blocky, Fluvial overbank 
conchoidal vertical accretion 
E -6.30 12 Grey-brown Silty clay Quartz Abundant Absent Thin laminae of very Finely laminated Saline lacustrine 
fine settled prismatic 
primary(?) 
Fl -6.42 36 Clean Sand Quartz Absent Absent Absent Wavy laminated in upper Fluvial channel 
yellowish at part. Indistinctly laminated sands?, ·Lateral 
base at base accretion? 
F2 13 Clean, Red- Sand and Quartz Abundantin N.D. Absent Interbedded clean sands, & Fluvial overbank 
brown day layers muds. Sands with red & flood sheet 
grains sands? Vertical 
accretion 
F3 66 Yellow-grey Sand Quartz Absent. minor Moderate abundance Absent Large cross set beds (20- Fluvial channel 
drapes detrital? 30cm) at top with internal sands, Lateral 
wavy lamination and accretion 
irregular drapes. Plain 
lamination at base 
GI -7.57 29 Green-grey Sand& Quartz Abundantin Absent Absent Finely laminated clay Lacustrine, 
day very well layers interbedded with sand and shallow and deep 
sorted laminated clay 
G2 26 Green-grey Oay Absent Abundant Absent Absent Finely laminated Lacustrine 
mod era tel y deep 
water 
H -8.12 118 Clean, yellow- Sand Quartz Absent Discoidal secondary No Lamination Lacustrine (?) 
grey well intergrown rosettes. shallow 
sorted More common lower 
I -9.30 0.5 Greyish white Dense Absent Abundant Abundant Absent Microcrystalline cemented, Algal mat? Lake 
cemented dense marginal mud flat 
JI -9.35 83 Yellowish Clay Absent Abundant Low abundance in Absent Very finely laminated Deep-water 
olive-grey clays. Abundant in lacustrine, salinity 
'.5Y6/3,6/4,7 /4 white la ye rs stratified 
Dark green-
blue grey 
SY5/1,10Y4/1 
White layers 
)2 99 Dark green- Clay Absent Abundant Absent, low Settled prismatic Laminated Deep-water 
blue grey ablllldance in layers (?) disrupted by lacustrine 
10Y4/1 s:Nosum laver at too secondary 
Kl -11.17 15 Dary green- Sand& Abundant in Absent Absent In terbedded sand and clay Transitional from 
grey day layers transgression to 
deep-water lake 
K2 11 Grey, White Sand& Absent Low abundance Absent Fining upwards Transgressive 
flecks gravel dolomite at base, shallow-water 
detrital lacustrine 
L -11.43 White Clay Abundant Abundant dolomite, Absent Etadunna 
detrital Formation 
Table 3.2 Summary of the sedimentary components and stratigraphic units at 'Fly Lake'. 
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replacement by carbonate does not necessarily imply a freshening of the lake or contradict 
evidence suggesting a salinity-stratified water body. Gypsum crystallising at the lake 
surface can be replaced by low-magnesium calcite due to the activity of sulphate-reducing 
bacteria in the anoxic bottom waters, as reported from modern Dead Sea sediments by 
Neeve and Emery (1967). 
Platey carbonate (Unit I): At -9.3 m AHD a thin("" lcm), cemented, dense, microcrystalline 
carbonate layer occurs. As for a similar dolomite layer at Williams Point, its thickness and 
setting suggest an origin as an algal mat, although positive evidence for this interpretation 
has not been found. If the layer is an algal mat the lake must have dropped below -9.3 m 
AHD exposing shoreline mudflats. 
Cliff section lacustrine and fluvial sediments (Units H to D): The lower portion of the cliff 
section consists of 173 cm of sand and clay of possible lacustrine origin (Units H and G). 
As at Williams Point the base of the cliff section overlying the platey carbonate layer 
consists of unlaminated sand. The medium sand of Unit H is clean, well-sorted and non-
calcareous. Discoidal secondary gypsum crystals incorporating sand are up to 1 - 2 ems in 
size and are scattered throughout the unit but are more common in the lower half; they 
commonly form interpenetrating rosettes. Sand in the upper 10 cm of the unit is slightly 
coarser, better sorted and more quartz-rich. Overlying the basal sand, Unit G contains 
laminated clay interbedded with sand. The base of this unit (G2) consists of 26 ems of 
greenish grey-brown laminated non-calcareous clay deposited in relatively deep water, well 
below wave base. Unit Gl consists of 22 ems of fine wavy laminated sand with very thin 
mud layers, overlain by 7 cm of laminated grey-brown clay, both non-calcareous. 
Most of Units Hand Gare tentatively interpreted as deposited in a lacustrine environment 
although no sedimentary structures or fossils are present which can confirm that 
interpretation. Shallow-water lacustrine sand at the Williams Point section contains 
lacustrine carbonates in the form of ooids, ostracods, mollusc fragments and charophyte 
oogonia. The lack of these components in the basal sand of the Fly Lake cliff section 
suggests the distinct possibility of a non-lacustrine origin. However, the overlying 
laminated clay of Unit G2 and the upper portion of Unit Gl appears likely to be 
lacustrine. This units of apparently lacustrine clay are separated by 22 ems of sand, 
characterised by wavy lamination and thin mud intercalations, which are common in many 
fluvial sequences of the Lower Cooper and Warburton valleys. In summary, it seems likely 
that the basal portion of the Fly Lake cliff section, immediately overlying the deep-water 
Plate 3.2. Conical Hill sequence, Fly Lake, Tirari Desert. Capital letter labels indicate 
stratigraphic unit codes used in text and figures. 
A. Stepped trench in the side of Conical Hill, showing the stratigraphy of mostly fluvial 
sediments above the basal laminated lacustrine clay (see Fig 3.9). 
B. Upper portion of the Conical Hill trench section showing fluvial channel sands (Unit 
Fl) overlain by vertical accretion deposits (Unit D). 
C. Trench exposure of the upper part of the basal laminated lacustrine clay (Unit J) 
showing very fine lamination of clay and thin carbonate laminae. 
Plate 3.2 Conical Hill, Fly Lake, Tirari Desert 

laminated lacustrine clay, is a mixture of shallow- and deeper-water lacustrine and 
possibly flu vial and/ or deltaic sediment. Lacustrine conditions had returned to the basin 
but were shallower than the earlier phase allowing the Fly Lake area to be affected by 
fluvial input, probably from the palaeo-Clayton. 
Unit F consists of 115 cm of mostly sand of fluvial origin. At the base (Unit F3) are 66 cm 
of clean yellowish-grey fine to medium well-sorted sand with planar lamination in the 
lower portion which changes to large parallel cross-set beds 20-30 cm thick in the upper 
portion. Sand within the cross-set beds shows irregular, wavy lamination and thin, 
irregular mud drapes. The sand is mildly calcareous probably due to the presence of 
detrital carbonates (Etadunna Formation dolomite ?). This sand is a fluvial, lateral-
accretion channel deposit. Overlying the channel sand are 13 cm (Unit F2) of interbedded, 
red-brown, slightly sandy mud and thin sand beds which represent the first appearance in 
this sequence of overbank mud and flood sheet sand; these are channel marginal vertical 
accretion deposits. Overlying the overbank deposits are 36 cm (Unit Fl) of clean, 
yellowish grey, fine to medium, non-calcareous laminated sand (Plate 3.2 B). The lower 
portion is yellowier and poorly laminated whereas the top shows well-developed wavy 
lamination but, in contrast to the wavy laminated sand of Unit F3, mud drapes are very 
rare. This sand represent a return to lateral accretion channel deposition. 
Unit Eis a thin (12 cm) sequence of grey-brown, finely laminated clay with minor fine sand 
and thin whitish micro-crystalline gypsum layers. The gypsum appears to be primary 
prismatic settled gypsum, with no evidence of elastic reworking, and suggests that this unit 
represents a brief return to lacustrine deposition probably below wave base in a saline lake 
of moderate depth. 
Following this lacustrine interlude, fluvial deposition recommenced represented by 99 cm 
of vertical accretion deposits in Unit D (Plate 2.3 B). This unit is complex and consists of 
a number of cycles of red-brown, overbank mud which are overlain by thin sheets of flood 
sand. Overbank muds (Units Dl, 3, 5 and 7) are massive and blocky in structure with 
conchoidal faces on blocks, indicative of fine grainsize. The mud is calcareous although the 
nature and origin of the carbonate is unknown. The thicker sub-units (D3 and 5) have 
open cracks extending down from the upper boundary of the sub-unit. These desiccation 
cracks are filled either with sand from the overlying sub-unit or with dense intergrown 
secondary displacive discoidal gypsum. The desiccation cracks, the degree of oxidation 
and evidence of minor pedogenesis such as blocky structure, secondary gypsum and 
dendritic manganese segregations all strongly suggest frequent sub-aerial exposure. The 
overbank-mud sub-units are separated by thin layers of clean well-sorted fine to medium 
sheet sand (Units D2, 4, and 6). This sand is commonly wavy laminated, especially in the 
upper parts of layers, and fill desiccation cracks in the underlying overbank mud. The 
sand contains secondary discoidal gypsum crystals. They clearly represent thin sheets of 
sand deposited on the floodplain during a flood event. 
The upper portion of the cliff section consists of sand (Unit C) and clayey sand (Unit B) 
which were deposited under near-shore and beach conditions when lacustrine conditions 
returned to this section of the basin. Well-developed secondary discoidal gypsum has 
severely disrupted the sediment matrix and destroyed any primary sedimentary structures, 
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particularly in Unit B and the lower part of Unit C. However, both units show a strong 
reaction with 10% HCL and the presence of ostracods, charophyte oogonia and occasional 
algal tubules indicate deposition under shallow-water lacustrine conditions. 
Upper aeolian unit (Unit A) : At 'Fly Lake', as at Williams Point, the water-deposited 
sediments of the cliff section are overlain by a thick aeolian unit capped by pedogenic 
gypcrete. However, at the 'Conical Hill' section at Fly Lake the aeolian sediments have 
been removed by deflation and are thus not truncated by the cliff erosion. Hence the 
nature of the contact has not been examined. North of 'Conical Hill' the thickness of the 
aeolian unit gradually increases over about 300 mas the deflation truncated dune surface 
rises at a shallow angle. The aeolian unit eventually reaches a total thickness of about 5 - 6 
m where the pedogenic gypcrete is preserved. East of the gypcreted high-point, the 
deflation surface slopes more steeply down to the underlying fluvio-lacustrine sequence 
and, although aeolian sediment is still absent from cliff exposures, the sequence suggests an 
abrupt boundary between the units. 
On the lower parts of the deflation surface, large scale lamination can be seen probably 
due to slight variations in grain size and the abundance of different sediment components; 
these are probably accentuated by variations in secondary gypsum. The size and 
abundance of secondary gypsum rhizomorphs increases up the section. At the top of the 
unit secondary gypsum forms a massive, dense, cemented gypcrete horizon with polygonal 
patterns and rhizomorphs. The gyseous soil horizon developed on the aeolian unit is 
truncated by deflation at least to the gypcrete level, and into the underlying aeolian 
sediments over much of the southern end of the peninsula. Genyornis eggshell and rarer 
emu eggshell occurs on the deflation surface at all levels, and is especially rich at and just 
below the gypcrete level. Occasional in situ pieces of Genyornis eggshell occur at this level. 
Sediments in the aeolian unit have not been examined in detail except near the crest of the 
dune below the gypcrete (z +lm AHD), where the unit was trenched and a sample taken 
for OSL dating. The sands are slightly clayey, buff orange and lack sedimentary 
structures. Sand is dominantly quartz, with some discoidal gypsum crystals; no clay 
pellets were observed. The sand is slightly calcareous and rare abraded oogonia were 
observed. Secondary gypsum occurs in the form of small rhizomorphs which become 
smaller and less abundant with depth. 
The aeolian unit and gypcrete strongly resemble the Williams Point aeolian unit in 
morphology, sedimentology and stratigraphic setting. The dune was deposited at the close 
of a lacustrine episode after recession of the lake. Limited sediment analysis of the 'Fly 
Lake' aeolian unit suggests that it contains less primary gypsum and pelletal clay than the 
upper part of the Williams Point aeolian unit, but this observation requires confirmation. 
This difference implies that in this part of the basin the lake marginal dune was formed 
dominantly by aeolian reworking of beach sands stranded by recession of the lake. Low 
abundance of seed gypsum crystals and pelletal clay implies that after recession of the 
lake there was no large nearby area of saline-groundwater controlled playa deflation, in 
contrast with Williams Point where these materials are abundant in the upper portion of 
the dune. Despite lacking sand-sized material produced during the playa deflation 
episode it is likely that a considerable amount of finer gypsum, derived from that source 
and transported as dust, arrived at the site. 
Fly Lake, composite section 
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.................... 
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Figure 3.10. Composite stratigraphic section from Fly Lake showing location 
and results of dating analyses. 
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3.1.2.1. Chronology of the 'Fly Lake' sequence: 
Chronology for the Fly Lake sequence is provided by eight AAR analyses on emu and 
Genyornis eggshell, two AMS 14C dates on emu eggshell and one TIMS U-series date on 
Genyornis eggshell from the aeolian sequence above the cliff (Fig. 3.10). Additionally a 
radiometric 14C on ratite eggshell from the Fly Lake dune was reported by Wells and 
Callen (1986) but its exact stratigraphic context is unknown. 
The AAR results from Genyornis eggshell (Fig. 3.10) clearly indicate that the 'Fly Lake' 
aeolian unit was deposited between 60 and 50 ka. Wells and Callen (1986) reported a 
radiometric 14C date of >32,000 BP (SUA 1612) on ratite eggshell "associated with post-
Katipiri calcreted dune core". Although it is not possible to unequivocally ascribe a 
stratigraphic position from this description it seems likely that the eggshell came from the 
secondary gypsum-rich horizon of the aeolian unit at Fly Lake (Unit A) and the result is 
consistent with the AAR-based estimates of age. The single TIMS U-series date on one of 
the AAR dated fragments, is younger than expected and suggests some problems with 
uranium mobility and uptake may exist at some sites. More work on the systematics of 
applying this method to eggshell is required to fully evaluate the significance of this date 
(see Section A2.5.2). 
The isotope stage 2 AMS 14C dates from emu eggshell indicate that aeolian deposition 
occurred at the site near the time of the last glacial maximum and also near the Pleistocene-
Holocene boundary. The older date agrees exactly with the AAR age estimate while the 
younger sample is significantly younger, suggesting anomalous surface heating due to 
shallow burial in these thin, younger dune units. 
3.1.2.2. Palaeoenvironmental summary of the 'Fly Lake' sequence: 
At some time well before 50-60 ka, during a strong dry episode, playa deflation had 
eroded well into the Etadunna Formation, at the Fly Lake, Conical Hill site, to a level of 
almost -11.5 m AHD. At the base of the Quaternary sequence, a shallow-water 
transgressive sand indicates the onset of lacustrine conditions in the basin. The upper part 
of this transgressive unit contains dark clay, suggesting a trend towards deep-water 
conditions transitional to the overlying laminated lacustrine clay, but interrupted by thin 
layers of medium and coarse sand, indicating occasional shallow-water episodes. Deep-
water perennial lacustrine conditions then became established with deposition of 1.87 m of 
dark very finely laminated clay. The lower portion of this unit contains abundant thin 
primary settled gypsum laminae, which lack evidence of elastic shallow-water reworking, 
indicating precipitation in a deep saline lake and accumulation well below wave base. The 
upper portion has thin carbonate laminae with similar thickness and spacing to the 
gypsum layers in the underlying sub-unit. The very fine lamination and dark colours in 
whole unit demonstrates deposition in deep water where anoxic conditions, due to salinity 
stratification, have precluded the presence of sediment-churning benthos. The replacement 
of gypsum by carbonate indicates intensification of reducing bottom-conditions, with 
gypsum, crystallised at the lake surface by evaporative concentration, replaced by low-
magnesium calcite due to the activity of sulphate-reducing bacteria in the anoxic bottom 
waters . 
The lacustrine unit is capped by 5 mm of dense micritic carbonate which, from its thickness 
and setting, probably originated as a microbial mat and indicates the termination of deep-
water lacustrine conditions as lake-level must have dropped below -9.3 m AHD, exposing 
shoreline mudflats. Overlying the microbial mat layer are 1.73 m of sand and clay of 
mixed origin Some sand layers lack calcareous lacustrine fauna, suggesting the distinct 
possibility of a non-lacustrine origin, but also lack characteristically fluvial sedimentary 
structures and are of unresolved origin. Laminated clay units appear to be definitely 
lacustrine and a sand unit, characterised by wavy lamination and thin mud intercalations, 
seems certainly fluvial in origin. It seems likely that the deep-water lacustrine phase was 
followed by a mixture of shallow- and deeper-water lacustrine and possibly fluvial and/ or 
deltaic environments. Lacustrine conditions had returned to the basin but were shallower 
than the earlier phase allowing the Fly Lake area to be affected by fluvial input, probably 
from the palaeo-Clayton. 
Most of the overlying sediment in the cliff section indicates deposition in a fluvial 
environment with alternation between lateral-accretion channel deposits and overbank 
mud and flood sheet sand from flood plain and channel-marginal, vertical-accretion 
deposits. A thin laminated clay and primary prismatic settled gypsum unit within this 
sequence, with no evidence of elastic reworking, indicates a brief return to lacustrine 
deposition probably below wave base in a saline lake of moderate depth. After this 
lacustrine interlude, the upper part of the vertical accretion fluvial sequence consists of a 
number of cycles of red-brown, overbank mud units which are overlain by thin sand sheets. 
The overbank mud is massive and blocky in structure, of fine grainsize, has desiccation 
cracks, a high degree of oxidation and dendritic manganese segregations, all evidence of 
pedogenesis and frequent sub-aerial exposure. The sand is commonly wavy laminated, 
especially in the upper parts of layers, and fills desiccation cracks in the underlying 
overbank mud; these sand sheets are deposited on the floodplain during flood events. 
These cycles indicate long periods of sub-aerial exposure of a flood plain which was also 
subject to regular and significant flood episodes. 
The fluvial sequence is capped by sand and clayey sand, with abundant ostracods, 
charophyte oogonia and occasional algal tubules which indicate deposition in near-shore 
and beach environments when lacustrine conditions had returned to this section of the 
basin. 
Secondary discoidal gypsum occurs in the upper part of the fluvial sequence, as isolated 
incorporative crystals in the sand layers, and is very well-developed in the overlying thin 
lacustrine sediments where it has severely disrupted the sediment matrix and destroyed 
any primary sedimentary structures. As both the fluvial and lacustrine units contain 
minimal primary gypsum, the secondary gypsum must have been derived by pedogenic 
translocation from an overlying gypsum source, which indicates accession of gypsum from 
a playa-deflationary phase some time after lacustrine deposition ceased. 
The sequence is capped by a thick aeolian unit of quartz dominated sand with some 
discoidal gypsum crystals, rare abraded oogonia and clay pellets rare or absent. The dune 
was deposited, in the period 50-60 ka, dominantly by aeolian reworking of beach sands 
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stranded by lake recession. Low abundance of seed gypsum crystals and pelletal clay 
implies that, after recession of the lake, there was no large nearby area of saline-
groundwater controlled playa deflation. Although sand-sized gypsum grains may have 
been more abundant in the uppermost dune horizons, that have been extensively modified 
by pedogenesis and largely removed by deflation and so were not available for detailed 
examination. At the top of the unit, secondary gypsum forms a massive dense cemented 
gypcrete horizon with polygonal patterns and rhizomorphs, which become smaller and less 
abundant with depth. The amount of secondary gypsum suggests that, despite apparently 
lacking sand-sized material produced during the playa deflation episode, it is likely that a 
considerable amount of finer gypsum, derived from that source was transported to the site 
as dust. The gyseous soil horizon, developed on the aeolian unit, indicates a period of 
landscape stability and wetter conditions with relatively abundant meteoric water. The 
soil is truncated by deflation at least to the gypcrete level, and into the underlying aeolian 
sediments over much of the southern end of the peninsula, indicating the onset of more arid 
conditions. 
The abundance of secondary gypsum in the top of the fluvial and lacustrine sequence, at 
the Conical Hill site, suggests that the aeolian unit may have been much thinner there, 
allowing gypsum dust deposited during the later stages of the aeolian deposition episode, 
to be pedogenically mobilised into the underlying units during the wetter phase which 
followed the deflation and playa-marginal dune building period of 50-60 ka. Some of the 
secondary gypsum in the fluvial sequence may have been derived from a possible playa-
deflation episode prior to the final lacustrine phase; the contact between the fluvial 
sequence and the final lacustrine sediment is disconformable. 
Pleistocene and early Holocene ages from emu eggshell, by AAR and AMS 14 C dating, 
indicate that younger dune units exist at the site but these have not been examined 
stratigraphically. 
3.2. LAKE HYDRA - SYDNEY HARBOUR: 
The Lake Hydra to Sydney Harbour region is in the central southern Tirari Desert 
approximately mid way between the Clayton River and Cooper Creek (Fig 3.1). From 
Lake Hydra a group of playas are aligned on a north west trend towards the southern end 
of Sydney Harbour, approximately parallel to the trend of the palaeo-shoreline recognised 
on the eastern margin of Fly Lake and Lake Stegar. The Lake Hydra to Sydney Harbour 
group of playas are situated within the higher, well-organised dunefield outside the 
palaeo-shoreline on the older lake floor . This older landscape gets closer to the present 
Lake Eyre playa in the vicinity of Sydney Harbour and includes the area between Sydney 
Harbour and the shoreline of Madigan Gulf. The highest and most prominent cliffs along 
the whole Madigan Gulf shoreline occur where this older lake floor landscape intersects the 
shoreline west of Lake Dom which lies between Sydney Harbour and Madigan Gulf (Fig. 
3.1). 
East of Lake Hydra, the dunes become higher, redder and more widely spaced although 
there is no sharp boundary recognisable on satellite images. This change is thought to 
represent greater age in the dunefield with the degree of dune organisation dependant on 
Fig. 3.11. Map of the southern portion of the 
Tirari Desert, east of Madigan Gµlf, showing 
Lake Hydra and the location of Lennys Island 
and thcHydra North West Site. 
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time. Northeast of Hydra, in an area of more widely spaced dunes, ancient river meander 
traces (Fig. 3.11) can be recognised on aerial photographs. These ancient channels 
apparently trend towards the north western end of Lake Hydra, where drilling showed the 
existence of a deep channel (Section 3.2.1.2), However, closer to Lake Hydra the old 
channels cannot be traced under lee-side hmette accumulation and chaotic dunes on the 
north-eastern margin of the lake. 
Outcrops occur at a number of playa marginal localities in this region, some in relatively 
inaccessible locations. From Lake Hydra, sections at Lennys Island and the north west 
extremity of the lake were complemented by cores at the base of the outcrop to the 
Etadunna Formation, and are described in detail. From Sydney Harbour, a core from the 
middle of the playa and a cliff section from Patella Bay are described in detail. Finally, a 
section from Lake Dom is described in detail which was also chronologically analysed 
intensively, owing to the presence of in situ eggshell at a number of stratigraphic levels. 
3.2.1. Lake Hydra: 
Lake Hydra (Figure 3.11) is a large irregular playa in the southern Tirari Desert about 15 
km east of the Madigan Gulf shoreline. The lake is aligned in a northwest-southeast 
direction, extending over about 18 km, and can be subdivided into three sub-basins. A 
southeastern basin opens to a larger central basin, where the maximum width of 7 km 
occurs, and this connects by a narrow neck to a much more confined basin at the 
northwestern extremity. The northern shoreline is relatively smooth and is backed by a lee-
side dune with a secondary gypsum profile with polygonal patterns and rhizomorphs. The 
southern shoreline is very irregular with a number of promontories and peninsulas with 
longitudinal dunes which are prograding towards the lake. These have been trimmed and 
rounded by wave action from ephemeral fillings. Lake Hydra has a number of features 
which are unusual in the Tirari Desert playas. It is one of the few playas in the region to 
contain an island. A low very irregular peninsula of silicified Etadunna Formation extends 
south, almost halfway across the basin, from about the middle of the northern shore. This 
feature includes dark, very lithified silcrete, similar to the outcrops which severely constrict 
the Clayton River a few kilometres west of the Snake Dam area. The location of water in 
the lake, as indicated by satellite imagery after the extreme rainfall event of 1984 
(Kotwicki, 1986: p34), indicates a slope down to the northwest. Levelling along the axis of 
the basin during this study indicated a difference of slightly more than 2.5 m from -7.41 m 
AHD near the southeastern shoreline to -10.17 near the north western shoreline. The 
reason for the sloping floor is not clear, it is most likely that it reflects growth of the basin 
Plate 3.3. Lennys Island Site, Lake Hydra, Tirari Desert. Lower case labels indicate 
lithological characters and features. au = aeolian unit 
A. Low level aerial oblique view of the eastern side of Lennys Island, Lake Hydra, 
showing the cliff section and the location of the stepped trench profile and the drill site for 
Core LE 91I4. 
B. View, from the playa floor of Lake Hydra, of the Lennys Island Site with the drill rig 
located at Core LE 91I4. The stepped trench exposing the cliff section (Plate 3.4 A; Fig 
3.13) can be seen to the right of the drill. The aeolian unit can be seen behind the cliff 
residuals, forming a low angle slope to the crest of the island. 
Lake Hydra 
playa floor 
Plate 3.3 Lennys Island, Lake Hydra, 
Tirari Desert 
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Figure 3.12. Cross Section at the eastern margin of Lennys Island, Lake Hydra, 
showing the relationship between the Cliff Section, the shallow pit and Core LE 91I4. 
105 
106 
by groundwater controlled deflation processes across a substrate of very variable lithology 
in the Etadunna Formation. The small northwestern basin was probably originally a 
separate basin which has been 'captured' by Lake Hydra by a combination of groundwater 
processes perhaps after connection was initiated by gullying or downcutting after overflow 
following an extreme local rainfall event. 
Significant outcrops of Quaternary sediment are exposed in cliffs on the eastern side of 
Lennys Island (Plate 3.3) and on the western side of the smaller northwestern bay. 
Sections in the cliffs were complemented by cores taken at the foot of the cliffs to sample 
the underlying sequence. 
3.2.1.1. Lennys Island section: 
The foot of the cliff exposure is about 1.5 m above the level of the playa and is separated 
from the playa edge by a sloping bench about 30 metres wide. Figure 3.12 indicates the 
relationship between the cliff section, core LE 91I4 at the playa margin and a shallow pit 
on the bench slope between them. Figure 3.13 is a composite section from all three sources 
Plates 3.3 & 3.4). The sedimentary units are described from base to top. 
Etadunna Formation (Units Land K): The Etadunna Formation occurs in core LE 91/4 at 
only 34 cm below the playa surface. The core bottomed in white dolomitic clay (Unit L) 
which has an upper boundary at -14.59 m AHD. Above the dolomitic clay are 467 cm of 
very dark, occasionally laminated, clay (Unit K) which has occasional laminae rich in 
macroscopic plant remains particularly in the upper part. At the upper boundary of the 
unit is a 3 cm dark brown laminated horizon very rich in layered humified plant remains, 
especially leaves. 
Laminated clay and sand (Unit J): The basal part of the Quaternary sequence, in most of the 
small pit and the upper part of Core LE 91I4, consists of 23 cm of interbedded yellowish 
brown mud or clay and thin sand and slightly clayey sand layers. The clay has indistinct 
horizontal lamination and a network of very small rootlet holes with yellow-orange iron 
oxide halos. The darker colour of these fine grained sediments suggests that they could be 
lacustrine rather than fluvial and they lack evidence of sub-aerial exposure which is typical 
of overbank mud in the region. They might have been deposited in a meander-cut-off lake 
or backswamp environment. The rootlet holes, which do not seem to relate to post 
depositional sub-aerial exposure, suggest the possibility that aquatic macrophytes were 
present at the time of deposition. Oxygen produced by the plants and respired through 
the rootlets, has resulted in localised oxidation of iron in the sediment. 
Plate 3.4. Lennys Island cliff sequence, Lake Hydra, Tirari Desert. Capital letter labels 
indicate stratigraphic unit codes used in text and figures, lower case labels indicate 
lithological characters and features. sg =secondary gypsum 
A. Stepped trench in the side of Lennys Island cliff sequence, showing the stratigraphy of 
mostly fluvial sediments (see Fig 3.13). 
B. Close view of the channel sand of Unit G of the Lennys Island cliff sequence showing 
secondary gypsum preferentially overlying the sand infilling the channel. 
Plate 3.4 Lennys Island, Lake Hydra, Tirari Desert 
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E interbedded with red-brown overbank 
mud with minor pedogenesis 
Yellow orange sand and sandy mud 
F interbedded with red-brown overbank 
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Clean yellow-orange sands, slightly clayey at top. 
G Channel at base filled with cross-laminated clean yellow-orange sand 
capped by massive gypsum cemetation 
H Massive red-brown overbank mud 
H Red-brown sandy mud 
f.7-Ds d t:1&Ll an 
11 '.·?•T~ Coarse sand and gravel 
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Interbedded gray-brown sand and unlaminated olive gray clay 
J Laminated yellow-brown mud or clay with thin fine sand laminae 
Figure 3.13. Stratigraphic log of a composite section from Lennys Island Cliff Section, 
Small Pit and the top of Core 91/4. 
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Fluvial mud and sand (Unit I): This unit consists of 56 ems of interbedded red-brown 
sandy mud and wavy cross-laminated clean buff sand. Both lithologies are cemented by 
abundant secondary gypsum in the form of small discoidal crystals, often intergrown. This 
unit represents higher energy fluvial deposition than the underlying lacustrine billabong 
deposits. 
Fluvial overbank mud (Unit H) : At the top of the small pit there is a reddish grey-brown 
slightly sandy mud with indistinct lamination which is very similar to the basal unit 
exposed in the cliff section. Although there is a gap of about 90 cm between the two, 
which has not been examined, they have been included in the same unit. The mud at the 
base of the cliff section grades from greyish red-brown to red-brown and has indistinct 
lamination due to variations in the amount of fine sand. The unit is interpreted as 
deposition of fluvial overbank mud and the suggestions of bedding and the lack of 
evidence of prolonged sub-aerial pedogenesis suggest an active sedimentary regime. 
Interlaminated fluvial channel and overbank units (Units G to C): Channel sand (Unit G) 
abruptly overlies the overbank mud of Unit H . A channel cut into Unit H is filled with 
clean medium to fine sand with trough cross bedding (Plate 5.4 B) . The channel sand 
grades up to about 25 cm of unlaminated yellowish grey, slightly clayey, fine sand. The 
sand contain white reworked, Etadunna Formation dolomite grains which are relatively 
more abundant in the basal channel fill. Occurring within the unit and capping the clean 
well-sorted sand filling the channel is a massive intergrown 3 cm thick layer of secondary 
discoidal gypsum. This layer is unusual and its origin is uncertain. It is possible that the 
coarser, well-sorted sand within the channel has acted as a preferential conduit for lateral 
groundwater flow and the gypsum has crystallised at the top of the sand body when 
evaporation has occurred during periods of reduced groundwater flow. This unit indicates 
that an active channel incised the overbank mud and deposited channel fill sand which 
grades up to channel marginal sediments. 
The basal channel unit is overlain by a thick (247 cm) sequence of alternating, 5 to 10 cm 
thick layers of red-brown mud and clean, olive grey brown sand and muddy sand (Units F 
to C) . The red-brown mud layers often have some evidence of sub-aerial exposure and 
pedogenesis in the form of blocky pedal structure, secondary manganese nodules and 
secondary clay organisation. Sandy layers, particularly the well-sorted fine sand laminae 
show ripple and wavy cross-lamination occasionally with thin discontinuous mud drapes. 
In Units F and C the sand beds are well-sorted fine sand whereas in Units E and D they 
tend to be muddy sand. The sand contains some white reworked dolomite grains and 
secondary carbonate is associated with the secondary gypsum. Secondary gypsum 
decreases in abundance down the sequence and varies according to lithology. Unit Fis the 
least disturbed by secondary gypsum with rare isolated discoidal crystals, displacive in 
the mud units. Unit E has more abundant isolated discoidal crystals and occasional 
intergrown rosettes, particularly in the red-brown mud at the top of the unit. Unit D has 
more abundant isolated crystals and common intergrown rosettes up to 3 cm in diameter. 
Unit C is the most disturbed by secondary gypsum with abundant rosettes which form an 
intergrown network in the upper part of the unit. This sequence represents relatively 
continuous deposition of vertical accretion fluvial overbank mud and sheet flood sand. 
Some of the units could be flood couplets. 
Gypseous sand (Unit B): The vertical accretion fluvial deposits are overlain by 44 cm of 
weakly horizontally laminated, light grey sand with some orange-brown mottling and 
abundant secondary gypsum. The gypsum occurs as isolated crystals and rosettes of 
discoidal incorporative crystals with associated secondary carbonate. This unit was 
probably deposited as fluvial sand which has been modified by post-depositional 
secondary gypsum. 
Powdery gypsum (Unit A): At the very top of the section is a thin (7 cm) exposure of 
white powdery secondary gypsum which is part of a much thicker pedogenic gypsum 
profile which extends up the slope behind the cliff face towards the crest of the Island. 
The morphology of this capping unit suggests it is aeolian but it has not been examined in 
detail. Large discoidal secondary gypsum crystals and rosettes occur commonly as a lag 
on the slope above the cliff section and a gypcrete with polygonal structures and 
rhizomorphs occurs at the top of the slope and forms the crest of the island. 
3.2.1.1.1 Chronology of the Lennys Island section: 
No chronological analyses have been made, as part of this study, on the Lennys Island 
section. However, a number of published and unpublished results are available from other 
studies at the site, and it is possible to determine correlative ages for some of the units by 
palyno-stratigraphic and litho-stratigraphic comparisons to other sites. 
Core LE 91/4 and an 80 cm hand-recovered core from the same site in 1990 contained 
very little recoverable pollen in the dark clays of Unit K (Luly, pers comm, 1996). A single 
sample from the same unit, taken in 1984 by Dr Dominic Williams, was analysed by Dr Jon 
Luly and found to contain abundant Casuarina and Botryococcus and low levels of 
Myrtaceae, Chenopodiaceae and Asteraceae. Additionally, the presence of Tertiary 
elements in the pollen assemblage, such as Podocarpus, Dacrydium and Milfordia (Tertiary 
form of Restionaceae and Centrolepidaceae) led Luly (pers comm, 1996) to correlate Unit 
K to the upper Etadunna Formation of Mammelon Hill, Lake Palankarinna (Truswell and 
Harris, 1982). This conflicts with the interpretation of Wells and Callen (1986), based on 
the same pollen analysis by Luly, of a Kutjitara Formation age for the sample. 
Callen and Nanson (1992) and Callen and Benbow (1996) have attributed the overlying, 
dominantly fluvial, Quaternary sequence of the Lennys Island cliff exposure (Units J to B) 
to the Tirari Formation. However, the Lennys Island sequence is similar in its colour, 
gypsification and lithology to the Kutjitara Formation type area along the Cooper Creek, in 
the vicinity of Lake Kutjitara (Fig. 3.28), as demonstrated below in descriptions of the Pink 
Pool Bend site (Section 3.3.1) and Lake Kutjitara North site (Section 3.3.2). By 
comparison the Tirari Formation exposures in the Warburton Creek valley and at Lake 
Palankarinna have much stronger red colours and greater gypsification. Callen and 
Nanson (1992) provide TL dates from the fluvial sediments of the Lennys Island cliff 
sequence of >440 ka (W 809) and >320 ka (W 810) which suggest a minimum age of 
Middle Pleistocene for this exposures of the Kutjitara Formation. 
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Callen and Nanson (1992) report a background radiometric 14C date on Genyornis eggshell 
from the aeolian unit which caps the unit. From the same eggshell they report AAR 
analyses which indicate an estimated age of 45 ka, although they do not provide a D/L 
ratio or give any indication of the calibration which has been used to derive this numeric 
estimate of age. The analyses do suggest that the aeolian unit is likely to be equivalent in 
age to the Williams Point aeolian unit, but this assumption requires confirmation. 
In summary, this information suggests that the Lennys Island sequence consists of three 
major units, widely separated in age. The basal sediments (Units K and L) are Etadunna 
Formation of Oligo-Miocene age. The overlying, mostly fluvial, sequence (Units J to B) is 
Kutjitara Formation and is older than 440 ka. The upper aeolian unit of the sequence Unit 
A is likely to be equivalent to the Williams Point aeolian unit and deposited between 50 
and 60 ka. 
3.2.1.1.2 Palaeoenvironmental summary of the Lennys Island section: 
The Quaternary sequence at Lennys Island consists of a variable mixture of fluvial units, 
with abundant secondary gypsum, which were deposited prior to 440 ka, capped by a 
thick, gypsum-rich aeolian unit apparently deposited between 50 and 60 ka. 
The basal interbedded yellowish brown mud and thin sand has indistinct horizontal 
lamination and a network of very small rootlet holes with yellow-orange iron oxide halos. 
The darker colour of these fine grained sediments suggests deposition in a meander-cut-off 
lake or backswamp environment. This unit is overlain by interbedded red-brown sandy 
mud and wavy cross-laminated clean buff sand which represent a transition to higher-
energy fluvial deposition, probably mostly channel-marginal. This is overlain by over 1 m 
of massive reddish grey-brown slightly sandy overbank mud; rare suggestions of bedding 
and the lack of evidence of prolonged sub-aerial pedogenesis suggest an active sedimentary 
regime. A channel, which incises the overbank mud, is filled with clean, medium to fine, 
trough-cross-bedded sand with white reworked, Etadunna Formation dolomite grains. The 
channel fill sand grades up to channel marginal sediments and a thick (2.47 m) sequence of 
alternating units of red-brown mud and clean, olive grey brown sand and muddy sand 
which represent relatively continuous deposition of vertical accretion fluvial overbank 
sediments; some of the units could be flood couplets. At the top of the fluvial sequence, 
weakly horizontally laminated, light grey sand with some orange-brown mottling was 
probably deposited as fluvial sand but has been extensively modified by post-depositional 
secondary gypsum. 
The fluvial sequence is capped by a sandy aeolian unit, which extends up the slope, behind 
the cliff face, towards the crest of the island, to a well-developed secondary gypsum 
horizon at the crest. Large discoidal secondary gypsum crystals and rosettes occur 
commonly as a lag on the slope above the cliff section and a gypcrete with polygonal 
structures and rhizomorphs occurs ·at the crest. 
3.2.1.2. Lake Hydra North-West Section: 
At Lake Hydra North West, the sequence is exposed in a 4 to 5 m cliff with an irregular 
upper surface and prominent horizontal bench, low in the cliff, at the top of a laminated 
clay unit. A step section in the cliff was cleaned and described in detail and core LE 91/3 
was taken from the top of the laminated clay unit (Plate 3.5). Figure 3.14 shows the 
relationship between the cliff section and the core, which penetrated 378 cm of clay and 
interbedded sand and sandy clay before reaching clean well-sorted very wet sand at 
-12.17 m AHD. This free running sand could not be retained in the core barrel and caused 
considerable difficulty in continuing the hollow auger process. No samples and only 
limited stratigraphic information was obtained from this part of the sequence (assessed 
from the relative ease or difficulty of auger penetration as an indication of cementation and 
clay content). Eventually the sand was bottomed at -16.78 m AHD, where hard dark 
clays were sampled, and the hole was abandoned when sub-artesian pressure forced a wet 
sand slurry into the hollow augers. Figure 3.15 is a combined section from the cliff and the 
portion of drill hole LE 91/3 sampled in undisturbed core. The section, including some 
information from the lower augered layers is described from base to top. 
Etadunna Formation (Unit P): At the base of hole LE 91/3 a 10 cm undisturbed sample of 
very dark, greenish grey, unlaminated clay was obtained at -16.78 m AHD. In colour and 
texture this clay most closely resembles the dark Etadunna clay in core LE 91/4 at Lennys 
Island and it is therefore assumed to be Etadunna Formation although confirmatory 
evidence is lacking; the clay contains no pollen. The clay occurs below the basal depth of 
the same lithology at Lennys Island suggesting a slope in the basin during the formation of 
this facies of the Etadunna Formation. 
Basal channel sand (Unit 0): Overlying the Etadunna clay are 461 cm of mostly well 
.,,. 
sorted clean sand which was not able to be sampled in an undisturbed or uncontaminated 
form and is thus of unknown character. Augering suggested that the top 200 cm was very 
well sorted free-running sand, followed by about 15 cm of slightly cemented sand and then 
about 100 cm of very slightly clayey sand, followed by about 125 ems of free running sand 
with about 15 cm of slightly cemented sand at the base. It seems most probable that the 
slight cementation observed is due to the presence of some clay. The depth of the base of 
this unit suggests that the sand is filling a channel cut into the Etadunna Formation clay. 
During the hollow auger drilling operation, the wet free running sand of Unit 0 was 
particularly problematic as it flowed into the hollow auger barrels as though under slight 
pressure, implying a sub-artesian head to the groundwater in the channel sand. At Lennys 
Island to the southeast the top of the Etadunna clay, which is likely to be the surface into 
which the channel is cut, is at about the same level as the base of the laminated clays at the 
Lake Hydra North West section. The highly permeable and porous channel fill sands are 
probably confined laterally and below by the Etadunna clay and above by the overlying 
Quaternary lacustrine clay. The original slope of the channel provides a small hydrostatic 
head, leading to the observed sub-artesian pressure in the groundwater. 
Transitional sediments (Units N to J) : Overlying the basal channel sand are 277 cm of 
interbedded sand, clayey sand, sandy clay and clay which are transitional between the 
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Figure 3.14. Hydra North West site showing the relationship between the 
Cliff Section and Core 91/3 and the location and results of dating analyses. 
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Figure 3.15. Stratigraphic log of the composite sequence from the Cliff Section and the 
upper part of Core 91/3, Hydra North West Site. 
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channel sand and laminated lacustrine clay. The sediments are mostly yellowish grey-
brown to yellowish olive-brown and are mostly non-calcareous. In Unit J (Sub-units 2 and 
3) are occasional white sand-sized grains which react slowly to 10% HCl suggesting that 
they are detrital carbonate, namely rewo.rked Etadunna Formation dolomite grains. The 
units are quite distinctly bedded with the clean sand generally less than 5 cm in thickness 
and the clay units in the 10 to 30 cm range. Fine lamination is generally absent; some of the 
sand horizons have indistinct wavy lamination and the clay horizons lack internal 
lamination. The generally pale colours suggest deposition in an oxidising environment, and 
the lack of red-brown colours, typical of overbank mud and other sediments affected by 
sub-aerial conditions, indicates shallow sub-aqueous depositional conditions. The lack of 
lamination within the clay laminae indicates that sediment-churning benthic organisms 
were active. Unit J contains two horizons with rootlet holes, with iron oxide halos, which 
suggest the presence of aquatic macrophytes, both further indications of shallow water 
oxygenated conditions. The sand horizons indicate the repeated and regular influx of 
higher energy depositional conditions. 
Neither the sediment characteristics nor the few sedimentary structures indicate 
unequivocally if the sequence is fluvial or lacustrine. The lack of primary carbonate 
suggests a fluvial origin as do the thin beds of wavy cross-laminated fine sand, but there is 
no obvious transition to the clearly lacustrine clay of the overlying unit. Perhaps the 
sequence represents fluvio-deltaic deposition as the lake backed up the former river valley, 
with frequent influx of sand horizons from floods or during periods when the lake 
shallowed slightly. As the lake deepened the sequence is abruptly overlain by deeper 
water lacustrine sediments. 
Laminated lacustrine clay (Unit I): The lacustrine clay consist of 104 cm of very finely 
laminated yellowish grey-brown clay and thin fine sand and carbonate laminae at about 5 
to 10 cm spacing. The clay varies in colour with yellow and grey alternating in places and 
occasional darker reddish brown layers. The clay is moderately calcareous, more so at the 
base of the layer. The carbonate layers are white and vary from very thin ( <1 mm) single 
layers to complex multiple thin layers (up to 5 mm). At -8 .52 m AHD a 1 cm thick, hard, 
carbonate-cemented horizon of very fine sand occurs. Very fine laminae (lmm and less) of 
fine and very fine sand also occur. These laminae are calcareous and are usually marked 
by yellow-orange iron oxide staining. The upper 8 cm (Sub-unit 11) is less finely laminated 
with thicker and less distinct laminae. The very fine lamination and thin carbonate 
Plate 3.5. Lake Hydra North West Site, Tirari Desert. Capital letter labels indicate 
stratigraphic unit codes used in text and figures. 
A. View, from the playa floor of Lake Hydra, of the Hydra North West Site with the drill 
rig located at Core LE 91/3 on a narrow low bench at the top of a laminated lacustrine 
clay unit. 
B. Stepped trench in the Hydra North West cliff sequence, showing the stratigraphy of 
mostly fluvial sediments overlying a basal finely laminated lacustrine clay (Unit I) (see Fig 
3.15). 
C. Close view of the basal finely laminated lacustrine clay unit at Hydra North West 
showing interlaminated clay and thin white carbonate laminae (Unit 12). 
Lake Hydra North West, 
Tirari Desert 

laminae are indications of deposition under strongly reducing conditions in a salinity-
stratified lake. At other sites, such as Williams Point, Fly Lake and Tick North, similar 
clays are characterised by extremely dark blue- and green-grey colours. The much paler 
colours in similar facies sediment at Lake Hydra North West suggests that post-
depositional oxidation of the sediment has occurred. In particular the thin fine sand 
laminae have allowed access to oxidising conditions and resulted in iron oxide formation 
in the adjacent clays. 
Cliff lacustrine units (Units H and G): Abruptly overlying the laminated lacustrine clay are 
79 cm of interbedded red-brown clay and sandy clay and olive-grey and clean fine sand. 
The red-brown clay and sandy clay occur in Unit H in beds as thick as 18 cm which thin 
towards the top of the unit. The clay and sandy clay have a calcareous matrix and 
contain abundant sand-sized primary carbonate grains in the form of ooids, oogonia and 
ostracods. The lowest sandy clay horizon in Unit H, immediately overlying the laminated 
lacustrine clay, has desiccation cracks open from the upper boundary which are filled with 
sand from the overlying sand horizon. The sand is also calcareous with ooids, ostracods 
and abraded oogonia occurring commonly. Unit G consists entirely of non-laminated sand 
which are mostly medium and fine with abundant ooids and occasional abraded oogonia. 
At the top of the unit are 6 cm of unlaminated, very clean, coarse to very coarse, 
calcareous sand with common ooids and abraded oogonia. 
Consisting of interbedded red-brown clay and clean sand the sediments of Units H and G 
are similar in colour and lithology to vertical accretion deposits recognised from other sites 
in the basin. However, they are interpreted as lacustrine for the following reasons. The 
clay is oxidised but does not have any of the signs of pedogenesis common elsewhere in 
overbank mud, such as blocky pedal structure, secondary clay organisation and dendritic 
manganese nodules. Additionally, the sandy clay is calcareous and contains abun~ant 
sand-sized, primary carbonate grains which are typical of lacustrine conditions namely 
ooids, ostracods and oogonia. The interbedded sand is similarly calcareous and does not 
contain the wavy cross-lamination typical of the flood-sheet sand beds common in vertical 
accretion deposits . Thus these sediments are interpreted as being deposited in a lake 
which oscillated between intermediate and shallow depth, with abundant lacustrine 
biogenic carbonate production. Occasionally the lake must have dried as indicated by the 
desiccation cracks which filled with sand when lacustrine conditions returned. However, 
the lack of associated indications of pedogenesis suggest that dry intervals were brief. 
This lacustrine sequence is capped by a thin unit of beach sand. The red-brown colours, 
indicative of strongly oxidative conditions are interpreted as post-depositional. 
Cross-laminated sand and thin mud layers (Units F to C): This 168 cm sequence of units 
consists dominantly of sand in beds up to 30 cm in thickness interbedded with thin (1 to 2 
cm) mud and clay laminae. The sand is clean and occasionally yellowish and dominantly 
fine to medium in grainsize. Rarely coarse sand is common at the base of units or cross-
sets, as in Units Dl and C. The sand is dominantly cross-bedded in a variety of forms. 
Wavy cross-lamination, often associated with thin discontinuous mud drapes, occurs 
commonly in all units. Sub-unit F3 consists of clean white sand which has a complex and 
irregular set of cut and fill troughs with internal fine scale ripple cross-stratification. Sub-
unit Dl has a series of large scale shallow angle cross sets up to 15 cm thick. The mud 
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layers are generally in the 1 to 2 cm range and are olive green-grey in Units F to D and grey 
brown in Unit C. Many of the clay layers are disrupted by desiccation cracking but the 
cracks never contain sand from the overlying units and are interpreted as post-dating 
deposition of the sequence. Unit E consists of a thicker (5 cm) layer of olive green-grey 
clay. The basal sand of the sequence (Sub-units F3 and F4) is slightly calcareous, with 
occasional abraded ooids present, but most of Units F to C are non-calcareous . The 
exception is a dense hard 1 cm layer of carbonate cemented sand at -6.54 m AHD (Unit 
D2). 
As with the underlying units the origin of this sequence of units is equivocal. The paucity 
of carbonate and the frequency of cross lamination in the sand horizons are taken as 
indications of a fluvial origin. The ooids which occur in low abundance in the basal sand 
of the sequence are extremely abraded and are believed to be reworked from the 
immediately underlying lacustrine nearshore and beach sand. There is an absence of 
indications of subaerial exposure suggesting that deposition was relatively uninterrupted. 
The green-grey colour of the clay suggests deposition in an environment that was not 
strongly oxidising and perhaps the sequence is a mixture of fluvial and deltaic deposition 
with occasional influence of intermediate-depth lacustrine conditions. The thicker green-
grey clay bed of Unit E and the carbonate horizon and laminated sand and green-grey clay 
of Unit D2 appear to be almost certainly lacustrine. However, these units are separated 
by 10 cm of cross-laminated fine sands which appear to be fluvial. 
Poorly laminated sandy clay (Unit B): Unit B consists of 45 cm of grey-brown and yellow-
brown clay and sandy clay, with Sub-unit Bl sandier than Sub-unit B2. The unit is 
disrupted by secondary gypsum crystallisation with extremely abundant isolated, 
displacive, discoidal crystals and intergrown rosettes in Sub-unit Bl and similar, but less 
abundant, forms in Sub-unit B2. Some orange-brown secondary iron segregations and 
mottles occur. Despite these indications of pedogenic alteration, indistinct lamination 
occurs, in the form of sand-rich horizons. The unit is interpreted as a mostly low energy 
fluvial deposit which has been extensively modified by post-depositional pedogenesis, 
especially by secondary gypsum precipitation. 
Upper sand (Unit A): At the top of the sequence are 37 cm of clean white moderately well-
sorted medium sand, with common coarse grains, which contains abundant secondary 
gypsum in the form of incorporative discoidal intergrown rosettes and rhizomorphs. No 
sedimentary structures are preserved in the sand and its origin is unclear. Occasional 
poorly preserved ooids are present, but are sufficiently rare and poorly preserved, to 
suggest that they are reworked from older lacustrine sediment. A single piece of relatively 
angular Genyornis eggshell was found on a deflation surface on the unit with no other likely 
source available ( ie a topographically higher sediment). The lack of abrasion on the 
eggshell fragment suggests that the sand is aeolian and the extremely clean nature of the 
grains indicates a nearby sub-aqueous source, including at least some lacustrine 
components. 
3.2.1.2.1 Chronology of the Hydra North-West Section: 
The Hydra North West sequence bottoms in dark clay at the base of core LE 91/3, which 
is lithologically correlated to Unit K of the Lennys Island sequence which is in turn 
correlated palynolo~ically to the Miocene upper Etadunna Formation dark clay of 
Mammelon Hill, Lake Palankarinna. 
The only chronological analyses presently available from the section are an AAR 
determination on Genyornis eggshell and a radiometric U-series determination on 
megafauna bone from the upper Unit-A sand. The D/L ratio of 1.333 ± 0.017 (AAL 7216) 
is an equilibrium value, indicating a pre-stage 5 age for the sequence. Although it is not 
possible to reliably extend the established D /L to numeric age calibration (Fig. A2.6) to 
equilibrium values, the D/L ratio of the Hydra North-West sample is significantly higher 
than values obtained for well preserved Genyornis from Lake Dom (See Section 3.2.3) 
where OSL dates at equivalent levels indicate a stage 7 age. This suggests that the Hydra 
North West section is pre-stage 7 in age. However, there is no indication of significant 
depth of overlying sediment at the Hydra North West site and the eggshell may have been 
relatively shallowly buried for much of its long post-depositional history, resulting in an 
increase in D /L ratio due to surface heating effects. The U-series age, from bone, of 226 
+361-27 ka (LH 1338) provides support, but must be interpreted with caution in light of the 
equivocal closed system behaviour of bone with respect to uranium (Section A2.5.l). 
Until further dates are available, the section must be assumed to be at least stage 7 in age, 
possibly considerably older, although the lack of red-brown colours and lower abundance 
of secondary gypsum suggest that it is younger than the type section Kutjitara Formation 
deposits. 
3.2.1.2.2 Palaeoenvironmental summary of the Hydra North-West Section 
The basal unit of the Quaternary sequence consists of 461 cm of mostly well sorted clean 
sand which fills a channel that is cut into dark-coloured Etadunna Formation clay to at 
least -16.78 m AHD. The highly permeable and porous channel fill sand, confined by 
Etadunna Formation clay and overlying Quaternary lacustrine clay, has sub-artesian 
pressure in the groundwater due to a small hydrostatic head caused by the channel slope. 
The channel sand is overlain by 2.8 m of interbedded sand, clayey sand, sandy clay and 
clay units which are distinctly bedded but not finely laminated. Sand horizons have 
indistinct wavy lamination, indicating repeated and regular influx of higher-energy fluvial 
deposition, and the clay horizons lack internal lamination and are pale coloured, 
suggesting deposition in oxidising shallow sub-aqueous conditions, and an absence of sub-
aerial exposure. Benthic organisms were active and aquatic macrophytes were frequently 
present. There is no obvious transition from the underlying fluvial unit to the clearly 
lacustrine clay of the overlying unit and the variable sequence between them is interpreted 
as fluvio-deltaic deposition, as the lake backed up the former river valley, with frequent 
influx of sand horizons from floods or during periods when the lake shallowed slightly. 
As the lake deepened, the sequence is abruptly overlain by deeper water lacustrine 
sediments, in the form of just over 1 m of very finely laminated yellowish grey-brown clay 
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and thin fine sand and carbonate laminae at about 5 to 10 cm spacing. The carbonate 
layers indicate deposition under strongly reducing conditions in a salinity-stratified lake, 
with pale colours suggesting that post-depositional oxidation of the sediment has 
occurred. The finely laminated clay is overlain by 80 cm of interbedded red-brown (due to 
post-depositional oxidation) clay and sandy clay and olive-grey and clean fine sand with 
abundant ooids, oogonia and ostracod sand-sized primary carbonates and occasional 
desiccation cracks but no associated pedogenesis. These units indicate deposition in a 
lake which oscillated between intermediate and shallow depth, with abundant lacustrine 
biogenic carbonate production, which occasionally dried briefly, terminated by deposition 
of a thin unit of beach sand. 
The beach sand is overlain by 1.7 m of interbedded sand and thin mud laminae. The sand 
is dominantly cross-bedded, with common wavy cross-lamination and mud drapes, 
complex and irregular cut and fill troughs (with internal fine scale ripple cross-
stratification) and large-scale shallow angle cross sets. The thin mud layers are olive green-
grey and grey brown suggesting a mixture of fluvial and deltaic deposition with occasional 
influence of intermediate-depth lacustrine conditions, but the frequency of cross lamination 
in the sand horizons indicates a dominantly fluvial origin. These mostly fluvial sediments 
are overlain by about 80 cm of grey-brown and yellow-brown clay and sandy clay and 
white moderately well-sorted medium sand of probable fluvial origin which are extensively 
modified by post-depositional secondary gypsum precipitation. 
3.2.2. Sydney Harbour 
Sydney Harbour is an informal name for an elongated inlet which extends some 30 km in a 
south south easterly direction from an opening to Lake Eyre between Madigan Gulf and the 
Cooper Creek mouth and its shape strongly suggests it is a former tributary estuary. From 
a large open bay at its mouth, the inlet narrows to generally less than 2 km in width then 
widens at the southern end where two large bays extend about 11 km (Fig. 3.16). Tedford 
et al. (1986) and Tedford and Wells (1990) have identified two ancient distributaries of 
the Cooper Creek which separated from each other at about Unkamilka Waterhole and 
entered Lake Eyre via Sydney Harbour. The southern course trends initially south west 
towards Lake Hydra then more north westerly to the southern end of Sydney Harbour. 
The northern meander belt is followed by the present course of the Cooper till just 
downstream of Kutjitara West Bluff, where it trends west to the large bay at the entrance 
of Sydney Harbour. This study describes sediments in the southern portion of Sydney 
Harbour in detail, the flu vial portion of which presumably relate to the southern meander 
belt of Tedford et al. (1986). Outcrops are known from the northern end of the inlet, which 
are ascribed to the northern distributary system by Tedford and Wells (1990), but have not 
been visited during this study. 
A core (LE 82/5) was taken at the approximate lowest point, at the southern end of 
Sydney Harbour, as indicated by the presence of a small area of salt crust in 1982 (Fig 
3.16). Low outcrops occur at a number of localities along the western shore at the southern 
end of Sydney Harbour. The largest exposure in this region occurs at the western margin of 
a bay on the western side of the inlet which extends towards the eastern side of Lake 
Dom, and is here informally named Patella Bay (Fig 3.16). This outcrop is described in 
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detail, and was levelled approximately to AHD by a transect to the eastern floor of Lake 
Dom (Fig 3.16). The exposure is about 6-7 km from the site of core LE 82/5 which, when 
combined with the upper 1.5 m of the core relating to modern sediment infill in Sydney 
Harbour, makes stratigraphic relation of the two sequences difficult. 
3.2.2.1. Core LE 82/5: 
The levelling transect from Lake Dom to Patella Bay (Fig 3.16; Section 3.2.2.3), established 
a level of approximately -10.8 m AHD for the Sydney Harbour playa margin. As this is 
likely to be less than 1 metre above the elevation of core LE 82/5, the elevation of the top 
of the core was estimated to be -11.5 m AHD. Core LE 82/5 was cored to 6.5 metres 
depth when drilling equipment failure prevented bottoming of the sequence to the 
Etadunna Formation. Saline lacustrine gypseous clay is interlaminated with beds of 
reworked Etadunna Formation dolomitic clay which in some instances were too hard to 
sample by thin-walled sample tubes and were penetrated by auger. The presence of very 
pure reworked Etadunna sediments suggests a close vertical or lateral source of that 
sediment. However, continuation of the hole to 7.5 m total depth (approx -19 m AHD), 
by solid augering did not penetrate to primary Etadunna Formation dolomite. 
The stratigraphic sequence in the core is described from base to top and Fig 3.17 presents a 
log of the core and depth-function graphs of textural, chemical and mineralogical analyses. 
Figure 3.17 does not include the tentative stratigraphic conclusions drawn from the 
additional 1 m of solid augering below -18 m AHD. 
Basal augered sequence (-18 m to -19 m AHD): The drilling equipment malfunction 
occurred in very hard sediment just below -18 m AHD. Coring and augering processes 
suggested this had occurred in sediment similar to the beds of dense reworked Etadunna 
Formation dolomite in overlying units H and F which were too hard to core. Augering 
became easier below about -18.7 m AHD suggesting the base of this reworked dolomite 
unit occurred at about this depth. This was confirmed by the presence of dark gypseous 
clay at the base of the augers when they were pulled up after discontinuing the hole at -19 
mAHD. 
Shallow and intermediate depth saline lake sediments (Units L and M): The basal unit of the 
core (Unit M) consists of 46 cm of dark and light olive grey slightly silty clay interbedded 
with thin gypsum layers . Detrital sand is virtually absent from the unit which is non-
calcareous. The clay is laminated and consists of a mixture of montmorillonite, kaolinite 
and illite with the addition of interlayered montmorillonite/illite in the upper portion and 
palygorskite in the lighter coloured lower portion. Gypsum occurs in layers up to about 5 
mm thick with some layers consisting of silt-sized, primary, prismatic, settled gypsum 
crystals and some layers dominated by coarser, sugary-textured, sand-sized, discoidal 
crystals. Unit L consists of 30 cm of weakly laminated greyish white dolomitic clay 
interbedded with thin gypsum layers. Dolomite, varying from 15% to 85 % in abundance, 
is reworked from the Etadunna Formation and associated with a mixture of interlayered 
montmorillonite/illite, kaolinite and illite. Thin gypsum layers, less than 5mm in thickness, 
occur in the lower half of the unit and contain sugary-textured sand-sized discoidal 
crystals. Cross-lamination occurs in some of the gypsum laminae. 
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These units have been deposited in shallow and intermediate depth saline lacustrine 
environments . The cross-lamination in some of the gypsum laminae of Unit L clearly 
indicates conditions shallow enough for elastic reworking of gypsum crystals. The origin of 
the alternation from dolomite-poor to dolomite-rich clay between the two units (and 
elsewhere in the core) is not clear. It possibly represents a switching of sediment sources 
by an unknown mechanism. · In Unit L the dolomite-rich sediment contains significant 
admixtures of detrital clay and is interbedded with thin gypsum layers. 
Deep and intermediate depth saline lake sediments (Units K, I, H, G, E and C): 
Overlying the basal shallow and intermediate depth lacustrine sediments are a number of 
units of laminated clay and thin gypsum layers interbedded with reworked Etadunna 
dolomite (Plate 3.6). Unit K consists of 34 cm of dark grey, finely laminated, non-
calcareous clay. The clay is a mixed assemblage of montmorillonite, interlayered 
montmorillonite/illite, kaolinite and illite. Interlaminated with the clay are a number of 
gypsum laminae up to 1 cm in thickness which consist of settled, silt-sized, primary, 
prismatic, gypsum crystals. Unit I consists of 53 cm of dark grey, finely laminated, non-
calcareous clay which is dominantly montmorillonite and kaolinite with some interlayered 
montmorillonite/illite and illite in the middle of the unit associated with gypsum layers. 
Gypsum occurs at the top of the unit as a yellow-orange layer of coarse sand-sized, 
discoidal crystals with the colour derived from oxidation of iron sulphides which were 
produced by bacterial reduction of sulphate in the gypsum crystals. Large (up to 2 cm) 
displacive discoidal secondary gypsum crystals occur within the clay in the middle of the 
unit (at -15.3 m AHD) immediately overlying fine (<1 mm) laminae of settled silt-sized 
primary prismatic gypsum. The fine lamination and dark colours of Units K and I suggest 
deposition under reducing conditions well below wave base in a stratified lake. The 
presence of occasional layers of settled gypsum indicates that the stratification was due to 
high salinity with gypsum saturation occasionally exceeded in the mixolimnion. 
Unit H consists of 41 cm of gray laminated clay (Plate 3.6 C) which is a mixture of 
montmorillonite and kaolinite in the lower portion with the addition of interlayered 
montmorillonite/illite and illite in the upper part of the unit. The unit is calcareous with 
minor dolomite (3.2 %), probably reworked from the Etadunna Formation, plus high-Mg 
Plate 3.6. Core LE 82/5, Sydney Harbour, Tirari Desert. Capital letter labels indicate 
stratigraphic unit codes used in text and figures, lower case labels indicate lithological 
characters and features . qs = quartz sand; hm = heavy minerals; fcg ferruginised elastic 
gypsum; dcl = dark clay; sg = secondary gypsum; rd = reworked dolomite; cg = elastic 
gypsum; rsg = reworked secondary gypsum; kl= laminated clay. 
A. Portion of Core LE 82/5 from -12.9 to -13.4 m AHD, showing the contact between 
sandy sediment (Unit B) deposited in the Sydney Harbour playa and the older laminated 
gypseous lacustrine sequence (Unit C). 
B. Portion of Core LE 82/5 from -14 05 to -14.4 m AHD, showing the sharp contact 
between dark clay (Unit E) and reworked Etadunna Formation dolomite (Unit F). 
C. Portion of Core LE 82/5 from -14 4 to -14.67 m AHD, showing dark clay with rare 
elastic gypsum laminae (Unit G) overlying interbedded clay and elastic gypsum and 
reworked secondary discoidal gypsum (Unit H). 
-12.9 AHD 
-14.05 AHD 
-14.67 AHD 
Plate 3.6 Core LE 82/5, Sydney Harbour, Tirari Desert 

Calcite (8.5 %) and a trace of low-Mg Calcite, both of unknown origin. Gypsum 
constitutes about half of the unit and occurs as displacive d iscoidal crystals within the 
clay and in the lower part as discrete sugary textured layers of sand-sized crystals. Many 
of these laminae contain elongated blade-like prismatic crystals which appear to be 
sedentary gypsum. The lighter colours and less well-preserved lamination suggests 
lacustrine conditions which were shallower than in the underlying unit with salinity often 
maintained at gypsum saturation for prolonged periods, allowing the growth of sedentary 
gypsum on the floor of the lake. Etadunna Formation dolomite was a minor detrital 
sediment component. 
Units G, E and C are dominantly dark-, green- and olive-gray clay which is a mixture of 
montmorillonite, interlayered montmorillonite/illite, illite and kaolinite (Plate 3.6) . The 
clay is mostly finely laminated with some poorly laminated sections where disruption by 
secondary gypsum growth has occurred. The units are non-calcareous except for a trace of 
dolomite in Unit C. Sand-sized detrital grains are absent except for occasional white 
reworked Etadunna Formation dolomite grains in Unit C and a thin (3-5 mm) fine quartz 
sand band with fish spines near the base of unit E (at -14.05 m AHD). Gypsum occurs in 
all units as occasional fine ( <1 mm) laminae of settled, silt-sized, primary, prismatic 
gypsum. At the top of Unit C, gypsum laminae are yellow-orange due to oxidation of iron 
sulphides in the gypsum crystals. At the top of unit E and throughout Unit C gypsum 
occurs as displacive, discoidal, secondary crystals within the clay matrix. The displacive 
discoidal gypsum crystals in unit C contain abundant dark iron sulphide framboids along 
cleavage planes. The fine lamination and dark colours of these units indicate deposition 
under reducing conditions well below wave base in a stratified lake. Occasional layers of 
settled gypsum indicates that the stratification was due to high salinity with gypsum 
saturation occasionally exceeded. The abundance of displacive discoidal secondary 
gypsum, of groundwater origin, within Unit C indicates that the truncation at the top of 
that unit relates to a period of groundwater-controlled playa deflation. The lighter colours 
in the upper 30 cm of the unit is probably due to post-depositional oxidation. 
Reworked Etadunna Formation dolomite (Units J, F and D): These light grey dolomite-rich 
silty-clay units are uniform and massive (Plate 3.6 B) . Dolomite content ranges from 64% 
to 85% and the grains are dominantly clay sized (<2 mµ), moderately well sorted and well 
rounded. The better sorting and rounding by comparison with primary Etadunna 
Formation dolomite and the absence of palygorskite needles (Plates 3.7 B; 3.8 B & C) 
suggests that the dolomite of Units J, F and D has been reworked from the Etadunna 
Formation. A detrital assemblage of clay minerals consisting of a mixture of interlayered 
montmorillonite/illite, kaolinite and illite is virtually the only other component in these 
units. Units J and D were too hard for the thin wall coring tubes to penetrate and some 
recrystallisation or cementation by secondary dolomite is suspected, although no evidence 
of either of these processes was seen in the SEM analysis of Unit F (Plate 3.7 B). However, 
this was the only reworked dolomite unit able to be penetrated by the core tubes and is 
therefore considerably less well cemented than Units J and D. 
The fine grain size and lack of coarser elastics suggests deposition in relatively deep, quiet-
water conditions. The lack of gypsum suggests that salinity was not high although no 
invertebrate or plant fossils were observed in any of the units, although only Unit F was 
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cored in full and able to be examined. The dominance of reworked Etadunna Formation 
dolomite compared to its low abundance in the overlying and underlying gypseous 
lacustrine units is difficult to explain. The most likely explanation is an unknown 
mechanism of switching on a nearby Etadunna dolomite sediment source which dominates 
over the regional detrital signal when available. If this is the explanation, then 
sedimentation rates are likely to be higher at these times as the dolomite would be in 
addition to the normal detrital influx. 
Playa sediments (Unit B): Abruptly overlying the saline lacustrine sediments of Unit C are 
107 cm of light greyish yellow non-calcareous sand (Sub-unit B2) and 47 cm of olive gray 
to yellow orange non-calcareous sandy mud (Sub-unit BI) deposited in the Sydney 
Harbour playa environment. The lower 70 cm of Sub-unit B2 consists of clean well-sorted 
medium quartz sand with two thin (<lcm) oblique black bands rich in fine-sand-sized 
heavy minerals (magnetite and leucoxene) at the base. The upper 37 cm of Sub-unit B2 is a 
slightly clayey very fine sand with occasional black heavy mineral grains. Most of the clay 
occurs as thin irregular yellowish brown to red-brown layers and balls. Gypsum is absent 
from Sub-unit B2. The basal 10 cm of Sub-unit Bl consists of poorly laminated yellow-
orange slightly sandy mud and is overlain by 35 cm of fine sandy mud which becomes olive 
gray in colour towards the top. The upper 2 cm immediately underlying the salt crust 
consists of dark blue grey sulphide rich mud. Sub-unit Bl contains isolated sand-sized 
secondary displacive discoidal gypsum crystals. 
The clean sandy texture at the base of Unit B suggests deposition by shallow water 
conditions during an ephemeral flooding of the playa. The sands are probably derived by 
beach erosion and reworking of aeolian sediments which surround the inlet and indicate 
that the shoreline was nearby at this time. In the upper portion of Sub-unit B2 and in Sub-
unit Bl the sediments are mostly well-oxidised clayey sands and sandy muds which are 
more typical of ephemerally flooded playa conditions. 
Salt crust (Unit A): The salt crust present in 1982 was only 12 cm thick but was more 
stratigraphically variable than the thicker salt crust of Madigan Gulf. At its base, 
immediately overlying the sulphide-rich dark muds, was 2 cm of clean clear granular halite. 
This was overlain by a 1-2 cm thick layer of wet, very black sulphide mud, with a 'cream-
cheese' like texture. Overlying the thin sulphide mud was 2 cm of granular halite with 
patchy pink and red staining and I cm of green stained halite. The upper part of the salt 
crust consists of 6 cm of mostly white granular halite with isolated yellow and yellowish 
green patches (Plate 3.8 A) . 
Plate 3.7. SEM photographs of reworked Etadunna Formation dolomite in Core LE 82/5 
(Unit F) . Bars at top of photographs indicate the scale (A: 20 µm; B: 2 µm). 
A & B. The dolomite is dense and extremely pure, consisting of particles< 2 µm. Particles 
are more rounded than primary Etadunna Formation dolomite (Plate 3.8 B & C) and the 
platey dolomite layer at Williams Point (Plate 2.2 B & C) and lack the fine palygorskite 
needles, which are characteristic of primary Etadunna Formation dolomite (see Plate 3.8 B 
&C). 
Plate 3.7 Core LE 82/5, Sydney Harbour, 
Tirari Desert 

The salt crust present in 1982 probably was remnant of salt which was brought into the 
inlet from the main lake by overflow during the major filling of 1974. The colours staining 
the halite are almost certainly derived from microscopic algae, which can occur in great 
abundance in saline waters. Pink and red colours are very common at high salinities due to 
the presence of Dunaliella salina algae. Much of the salt was probably returned to the main 
lake by overflow from the inlet back to the main lake during extreme local rainfall events in 
January 1984 and March 1989 as occurred with Lake Eyre South (Allen et al., 1986). 
When visited in 1993 there was only a thin efflorescence crust present. 
3.2.2.1.1 Chronology of core LE 82/5 
There are no chronological analyses available from core LE 82/5. However, some 
correlative age conclusions may be drawn from lithostratigraphic observations and these 
are supported by some preliminary pollen analyses. 
The sequence did not bottom in Etadunna Formation, but the presence of reworked 
Etadunna Formation dolomite suggests a close source. Interbedded with the reworked 
Etadunna Formation dolomite (Units H, F and D) are layers of lacustrine finely laminated 
clay with primary gypsum (Units K, I, H, G, E and C), which are lithologically similar to 
the early stage 5 deep-water clays of Williams Point and other sites. However, the 
unbottomed depth of the sequence at the base of Core LE 82/5 (-19 m AHD), is 
considerably below the base of the Williams Point sequence and deeper than all but one 
core from Madigan Gulf (LE 83/l at -19.2 m AHD). This suggests the likelihood that the 
sequence relates to a lower, presumably older, depocentre. Supporting evidence for this 
proposal comes from preliminary pollen analyses of the lacustrine units of the core (Luly, 
pers comm), which show an assemblage dominated by Acacia and Casuarina which is quite 
different from the chenopod, daisy and grass dominated assemblages of stage 5 sequences 
where Callitris is the dominant tree species (Luly, Pers Comm). Myrtaceae, 
Chenopodiaceae and Asteraceae, although less abundant than in the stage 5 and younger 
sediments, were much more prevalent than in the Miocene upper Etadunna Formation dark 
clay at Lennys Island, Lake Hydra (Section 3.2.1.1.1). Luly (pers comm) therefore assigns 
the assemblage to the period between the Miocene and stage 5 and it seems a reasonable 
assumption to correlate the lacustrine sequence of Core 82/5 to either the Kutjitara 
Formation or a lateral equivalent of the Hydra North West sequence. 
The highest sample from the lacustrine sequence, near the top of Unit C, was dominated by 
chenopods and grasses with common daisies and Casuarina, although the latter appeared 
corroded and were suspected by Luly (pers comm) to be reworked. If the Casuarina are 
reworked, this assemblage is very different to the Acacia and Casuarina dominated 
sediments of most of the unit. It is possible that at least part of Unit C could be a younger 
lacustrine phase (Stage 5?) but there is no stratigraphic evidence of a major time break in 
that part of the core. 
The upper part of the core (Unit B) which was related lithologically and stratigraphically 
to the Sydney Harbour playa environment contains a pollen assemblage dominated by 
chenopods, daisies and grasses, which is entirely consistent with the present vegetation. 
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3.2.2.1.2 Palaeoenvironmental summary of core LE 82/5 
Core LE 82/5 is dominated by units of finely interlarninated clay and thin gypsum laminae 
interbedded with units of reworked Etadunna Formation dolomite. At the base of the 
sequence, dark and light olive gray clays are interlarninated with both settled and elastic 
gypsum laminae and some gypseous dolomite layers, deposited in shallow and 
intermediate depth saline lacustrine environments. The alternation from dolomite-poor to 
dolomite-rich clay possibly represents a switching of sediment sources by an unknown 
mechanism. Above the basal units the laminated gypseous clays are dominantly deep-
and intermediate-water deposits with settled gypsum and extremely fine lamination, 
indicating a salinity-stratified water body. Some sedentary gypsum layers occur, 
indicating that, at times, the salinity was maintained at gypsum saturation for prolonged 
periods. The gypseous clays, which themselves contain very little Etadunna Formation 
dolomite, are interbedded with units which consist dominantly of dolomite, with the fine 
grain size and lack of coarser elastics suggesting deposition in relatively deep, quiet-water 
conditions. The switching mechanism between these sediment types, is poorly understood, 
but is clearly very effective. 
The lacustrine sequence is truncated by a playa deflation event and disconforrnably 
overlain by sediments of the Sydney Harbour playa environment which are initially clean 
sands deposited in shallow water conditions by beach erosion and reworking of aeolian 
sediments which surround the inlet. These are overlain by mostly well-oxidised clayey 
sands and sandy muds which are more typical of ephemerally flooded playa conditions. 
3.2.2.2. Patella Bay Section: 
About 6-7 km north east of core LE 82/5, an exposure occurs along the western shoreline 
of Patella Bay on the western side of the Sydney Harbour (Fig 3.16) This outcrop was 
levelled approximately to AHD by a surveying transect to the eastern floor of Lake Dorn. 
The relationship of the major units in the exposure was sketched from the playa floor (Fig 
3.18). The basal portion of the section consists of horizontally bedded brown mud, clay 
and clean sands which are disconforrnably overlain by green clays and white clean sands 
which infill a shallow dish-shaped depression extending over at least 500 rn in width. 
Figure 3.18 shows the location of 5 stratigraphic trenches which were excavated, described 
Plate 3.8. Core LE 82/5, Sydney Harbour; Etadunna Formation dolomite. 
A. Salt crust at Core LE 82/5 site, in July 1982. Blocks have been lifted out and placed 
upside down on the salt crust. Colours are due to algae (see text). 
B & C. SEM photographs of primary Etadunna Formation dolomite at the base of Core 
LE 82/6, Williams Point. Bars at the top of the photographs indicate the scale (B: 20 µrn; 
C: 2 µrn). The dolomite is dense and consists of particles < 2 µrn . Particles are subhedral, 
more rounded than the platey dolomite layer at Williams Point (Plate 2.2 B & C) but more 
angular than reworked Etadunna Formation dolomite (Plate 3.7 A & B). Abundant fine 
palygorskite needles occur throughout. 
Plate 3.8 Core LE 82/5, Sydney Harbour, 
Tirari Desert 

Patella Bay, Sydney Harbour 
Metres 
AHO 
approx 
0 
-4 
-8 
[]Sand 
Trench 6 
-12 (ifil Laminated sand and clay 
0 100 200 
G Laminated clay 
Q Unlaminated sand and clay 
300 400 500 
Metres 
600 
Figure 3.18. Sketch of the relationship of major stratigraphic units at the Patella Bay 
outcrop, Sydney Harbour. 
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and levelled. Stratigraphic units are designated from A to Q based on the relationship of 
major units across the exposure and the stratigraphy of individual trenches. This 
correlation between trenches is, in some cases less than certain and the stratigraphic units 
are described from the base to the top of individual trenches. The log of Trench 3, the 
longest profile, is shown in Figure 3.19. 
Trench 3: 
Basal clayey sand (Unit Q): The lower 133 cm of the sequence consists of yellow and 
yellowish brown, non laminated, clayey sand which grades from medium and fine sand at 
the base to fine and very fine sand at the top. The sand is well sorted and rounded with 
quartz dominant and rare heavy minerals. The clay forms a matrix and the unit is non 
calcareous. There are a number of isolated fine("" 1 mm) irregular clay lined voids which 
appear to be root channels. The clay linings of these channels suggests that the roots were 
syn-depositional and the sediment has been affected by minor post-depositional 
pedogenesis. At -8.9 m AHD is a thin (2 mm) horizon of clean fine sand The depositional 
environment of Unit Q is not evident. Pluvial overbank mud units from the region, which 
have a similar texture, are always red-brown in colour and typically have stronger evidence 
of pedogenesis. On the other hand, fine lacustrine sediments are usually laminated and 
calcareous. It is possible that the unit was deposited quite quickly in fluvio-deltaic 
conditions as the lake flooded a palaeovalley of .the Cooper. As the delta built up and/ or 
the lake receded the sediment was briefly exposed, shallow-rooted vegetation was 
established and minor pedogenic modification of the clay component occurred. 
Sand and clayey sand (Units P, 0 and N): Overlying the basal clayey sand are 8 cm of 
unlaminated, clean, fine to medium, well sorted and rounded sand (Unit P) . The sand is 
dominantly quartz with occasional heavy mineral grains. The unit is non-calcareous and 
has secondary gypsum in the form of 1-2 cm incorporative, discoidal, secondary crystals, 
which are both isolated and intergrown. Unit 0 consists of 28 cm of unlaminated, light 
yellow, fine sandy clay which was moist and plastic. The sand is quartz and well rounded 
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Patella Bay, Sydney Harbour 
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• OSL sample site 
Figure 3.19. Stratigraphic log of Trench 3, Patella Bay, Sydney Harbour 
and sorted and embedded in a clay matrix. The unit is non-calcareous. This is overlain by 
22 cm of unlaminated pale yellow, slightly clayey, medium sand with occasional coarse 
grains (Unit N). Sand is dominantly well rounded and sorted quartz with occasional fine 
heavy mineral grains. The unit is non-calcareous. Units P, 0 and N are interpreted as 
probably being a fluvial sequence of channel-marginal, overbank and flood sheet sands but 
the absence of sedimentary structures and carbonate fossils makes a definitive 
interpretation difficult. 
Plate 3.9. Patella Bay Site, Sydney Harbour, Tirari Desert. Capital letter labels indicate 
stratigraphic unit codes used in text and figures . 
A. Stepped trench (3) in the Patella Bay cliff sequence, showing the stratigraphy of 
mostly fluvial sediments, capped by a thin lacustrine sequence. 
B. Close view of the Trench 4 sequence at Patella Bay, showing the Coxiellada-rich upper 
sub-unit (Al) overlying beach sands (A2). Circular hole in Sub-unit A2 is the site of a 
gamma spectrometry reading for an OSL sample. 
Plate 3.9 Patella Bay, Sydney Harbour, Tirari Desert 

Finely laminated sand (Unit M): This unit consists of 63 cm of clean, finely laminated, 
medium sand with occasional coarse grains. The sand is dominantly well sorted and 
rounded quartz with rare rock fragments and fine heavy mineral grains. There is a very 
weak slow reaction with 10% HCl due to the presence of rare carbonates which appear to 
be reworked white Etadunna· Formation dolomite grains. Small (<l cm) isolated, 
incorporative, discoidal, secondary gypsum crystals occur in the unit. This laminated sand 
was clearly water-deposited as either nearshore lacustrine sediment or as horizontally 
laminated fluvial channel sand. The lack of primary lacustrine carbonate, which is 
characteristic of lacustrine nearshore and beach sediment in the region, suggests that a 
fluvial origin is most likely. 
Fluvial overbank mud (Unit L): The finely laminated sand is overlain by 47 cm of poorly 
laminated dull yellow orange sandy mud and clayey medium sand with occasional coarse 
grains (Sub-unit L2). The sand is quartz~dominated with occasional rock fragments and 
rare reworked white Etadunna Formation dolomite grains. The mud forms a matrix which 
is more dense in some layers. This sub-unit grades up to 90 cm of unlaminated, dull red-
brown, slightly sandy mud, which is non-calcareous (Sub-unit Ll). The massive mud has a 
blocky pedal structure and abundant dendritic secondary manganese nodules on the ped 
faces. This unit has many of the features typical of fluvial overbank mud within the region. 
Initially, overbank deposition was rapid with regular alternation between overbank mud 
and sheet-flood sand. As the unit built up to higher levels, overbank mud began to 
dominate and deposition slowed, allowing lengthy sub-aerial exposure and significant 
pedogenesis to occur. Pedogenic effects have also penetrated to the lower sediments of the 
unit and partially destroyed the primary lamination. 
Laminated clay (Unit K) : Overlying the overbank mud is 30 cm of hard, laminated, dull 
yellow orange, slightly sandy mud or clay (Sub-unit K2), with irregular medium sand-rich 
lenses or patches. The denser mud matrix is non-calcareous but white secondary 
carbonate segregations are associated with the sand. Sub-unit Kl consists of 78 cm of very 
finely laminated, light grey clay at the base which grades up to laminated, dull yellow 
orange, clayey sand and sandy clay. In the finely laminated lower portion, very thin ( <l 
mm) laminae of fine to very fine sand occur. These laminae are mainly whitish but 
commonly have abundant red-orange rusty colours, which are indicative of iron oxides and 
hydroxides which have formed by oxidation of iron sulphides in gypsum crystals. The 
grains are too fine to visually determine if gypsum is present and chemical or mineralogical 
analyses are not available from the unit to resolve this possibility. Sub-unit Kl is non-
calcareous. The generally fine lamination in Unit K suggests that it was deposited under 
lacustrine conditions, either in an arm of the lake flooding the palaeovalley of the Cooper 
or perhaps in a within valley lake or billabong. The upper part of the unit is non-
calcareous and the secondary carbonate segregations in the lower part suggest that some 
pedogenic leaching of carbonate has occurred. There is little other evidence of pedogenesis. 
Fluvial sand and mud (Unit J) : There is a sharp break at the top of the laminated clay and 
the basal 4 cm of the overlying unit (Sub-unit J2) consists of a couplet of light yellow, fine 
sandy mud over clean, medium sand with rare coarse grains. The sand is dominantly well 
rounded and sorted, quartz with occasional heavy mineral grains. Both sediment types are 
non-calcareous. Overlying this basal couplet are 44 cm of pale yellow, clean, well sorted 
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and rounded, medium, quartz sand (Sub-unit Jl). The unit is non-calcareous with 
indistinct irregular wavy lamination and thin discontinuous mud drapes which are 
probably poorly preserved climbing ripples. There is a sharp break to the overlying unit. 
The sedimentary structures of Unit J suggest that fluvial conditions had returned to the site 
with deposition of a flood couplet and a channel marginal climbing ripple sequence. 
Lacustrine sand and clay (Units I to F): Disconformably overlying the fluvial sand are 4 cm 
of unlaminated, light yellow, medium to fine sandy clay (Unit I). The unit is calcareous 
with moderately abundant, well-preserved ostracod valves present as the only observable 
carbonate component. This unit is overlain by 8 cm of dull orange brown, clean, medium 
sand with common coarse grains (Unit H) . The sand is dominantly quartz with occasional 
rock fragments, especially white Etadunna Formation dolomite, and rare fine heavy 
mineral grains. There is indistinct irregular wavy lamination with some discontinuous very 
fine mud drapes and lenses. Lacustrine carbonate is abundant and includes, ooids, algal 
tubules, ostracod valves and whole ostracods. The overlying 12 cm of sand (Unit G) are 
very similar to Unit H but with coarse grains more common, clay is absent and ripple cross 
stratification more evident. The carbonates are dominated by reworked Etadunna grains, 
algal tubules and ooids with ostracods extremely rare. The upper unit in the trench (Unit 
F) consists of 20 cm of interbedded 2 to 5 cm thick layers of clean slightly clayey sand and 
greenish yellow clay. The sand is well sorted and rounded, medium quartz and the 
common occurrence of red-orange rusty colours suggests the possible presence of gypsum, 
which could not be confirmed visually. Both sand and clay layers are non-calcareous. 
The presence of lacustrine carbonate in units I to G and their mostly sandy nature confirms 
that they were deposited in shallow-water nearshore lacustrine environments. Water 
depth was sufficiently shallow for wave action to form irregular ripples in units H and G. 
Unit F, at the top of the section, has clay layers interlaminated with sand similar to that of 
Units G and H but without ripple cross stratification or lacustrine carbonate. The clay 
layers suggest the periodic influence of deeper water conditions but with carbonate absent, 
lacustrine conditions cannot be confirmed. 
Trench 2: 
Trench 2 was located about 10 m south of Trench 3, the offset enabling higher parts of the 
erosion residual to be sampled. Because of the non-horizontal nature of the stratigraphic 
boundaries (Fig 3.18) and probable associated facies changes, the base of Trench 2 does 
not correlate readily with the top of Trench 3 and it has therefore been designated as a 
separate unit (Fig 3.20). 
Sandy clay (Unit E): The basal 38 cm of the trench consists of unlaminated, grey, slightly 
sandy clay. The fine and very fine sand occurs as very thin ( <1 mm) laminae and the 
common occurrence of red-orange rusty colours in the laminae suggests the possible 
presence of gypsum, which could not be confirmed visually. Both the clay and the thin 
sand laminae are non-calcareous. The unit resembles the clay layers of Unit Fin trench 3 
and suggests that deeper water deposition had become dominant with periodic minor 
influx of coarser material. 
Metres 
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-2.5 
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Approx 
Patella Bay, Sydney Harbour 
Trench 6 
A Clean sand with occasional carbonate grains including whole Coxiellada giles 
Pale yellow sandy clay with blocky pedal structure, root channels 
B Grey poorly laminated clay with some discoidal secondary gypsum 
C Hard white ripple cross bedded prismatic primary gypsum 
D Interbedded gray and green gray laminated clay and clean sand 
E Dense laminated green-gray clay with occasional thin fine sand laminae 
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Trench4 
II Clean sand with whole Coxiellada gilesi, shell -2 A fragments, ooids, abraded oogonia, ostracods -2.5 B ~~::::::: :::: :~:~::: ;:r:::~lt:r~c:~s 
1::.-hT~ Coarse sand and gravel 
E:-'::-':j Laminated sand and clay 
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Metres 
AHD 
Approx 
6 Gastropod (Coxiellada gilesi) 
• OSL sample site 
Trench 1 
-2.5 _ _ : .: .: .: 1 Green-gray clayey sand with discoidal secondary gypsum 
•-•-•-•- C Hard white ripple cross bedded prismatic primary gypsum 
·.· :~'-~'.~ '-~'. 0 Interbedded yellowish gray clean fine sand and 
-3 - - - - light yellow clay, minor secondary gypsum 
Metres 
AHD 
Approx 
Trench2 
.---Discoidal secondary gypsum at surface 
-3 ~-~."""-~. _~.-:~"""-~."""~""'lj C'Hard white ripple cross bedded prismatic primary gypsum 
~±~±~±~±~ D Interbedded yellowish gray clean fine sand and 
_3•5 ~~~~~~~~~ light yellow clay, minor secondary gypsum 
-4 
E Massive grey slightly sandy clay, 
rare thin fine sand laminae 
Figure 3.20. Stratigraphic logs of Trenches 6, 4, 1 and 2, Patella Bay, Sydney Harbour. 
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Inierbedded sand and clay (Unit D): The middle unit in the trench consists of 54 cm of 
interbedded 2 to 5 cm thick layers of clean, yellowish gray, sand and light greenish yellow 
clay (Unit D). The sand is well sorted and rounded, medium quartz with rare fine heavy 
mineral grains. The clay contains medium to fine sand in very thin ( <1 mm) laminae. Both 
sand and clay layers are n_on-calcareous and contain small ( <1 cm) white sugary 
segregations of secondary gypsum. The unit is similar to Unit F of trench 3 and represents 
a return to oscillation between shallow- and deeper-water deposition. 
Clastic primary gypsum (Unit C): The upper unit of the trench consists of 8 cm of white, 
massive, crystalline gypsum. The gypsum crystals are very fine sand- to silt-sized and 
almost certainly consists of primary prismatic crystals which have precipitated sub-
aqueously. The gypsum unit is non-calcareous. Wavy lamination is evident in the unit but 
preservation is not sufficient to discriminate between ripple cross-lamination and possible 
distortion due to post-deposition recrystallisation and overgrowth. As there is no other 
macroscopic evidence of significant recrystallisation, the wavy lamination is presumed to 
be ripple cross lamination and evidence of shallow-water conditions and elastic reworking 
of the primary gypsum evaporite. A lag of discoidal gypsum crystals occurs at the surface. 
Trench 1: 
Trench 1 (Fig 3.20) was located about 10 m south of Trench 2, the offset enabling higher 
parts of the erosion residual to be sampled. Despite the non-horizontal nature of the 
stratigraphic boundaries most of the Trench 1 sequence correlates readily with the top of 
Trench 2 and units D and Care designated as common to both trenches. 
In the Trench 1 sequence, 31 cm of Unit D and 9 cm of Unit C are identical in character to 
exposures in Trench 2. The upper unit of the sequence consists of 10 cm of yellowish gray 
sandy clay and clayey sand which is disrupted by abundant displacive discoidal 
secondary gypsum crystals in the 1 - 2 mm size range (Unit B). The sequence is capped by 
a surface lag of larger (up to 2 cm) discoidal secondary gypsum crystals. 
Trench 4: 
Trench 4 (Fig 3.20) is located at the inland margin of the site about 130 m behind the large 
erosion residuals at the front (playa margin) of the outcrop, where Trenches 1-3 are 
located. The trench sequence samples the upper sandy portion of the dish-shaped channel 
infill. 
Sandy Clay (Unit B): The basal 14 cm of the trench consists of grayish olive, slightly sandy 
clay with very thin laminae (<1 mm) of fine to very fine sand. The sandy clay is non-
calcareous but cracks penetrate the unit from the upper surface at -2.39 m AHD. The 
cracks are filled with pale yellow, well sorted and rounded, fine to medium sand, of the 
overlying unit, which contain some carbonate grains. This unit appears to be lake sediment 
deposited in an intermediate water depth, which has been exposed sub-aerially, with 
development of surface cracking. There is minimal evidence of pedogenesis associated 
with this exposure. 
Nearshore and beach sand (Unit A): The lower portion of this unit (Sub-unit A2) consists of 
38 cm of laminated, clean, very well rounded and sorted, medium and fine sand. 
Carbonate grains occur rarely. The sand is interpreted as shallow-water nearshore 
lacustrine sediment and represents a return of lacustrine conditions to the site following an 
apparently brief dry episode. The upper sub-unit (Al) consists of 28 cm of unlarninated, 
clean, very well rounded and sorted, medium sand with coarse grains. Lacustrine 
carbonate grains are common with abundant whole Coxiellada shells, shell fragments, ooids, 
abraded oogonia, and less common ostracod valves. The sand was deposited close to 
beach level, with the relative paucity of coarse grains suggesting that the unit is either 
mostly foredune sediment, deposited above wave level, or that there was insufficient fetch 
at the site for development of substantial waves. 
Trench 6: 
Trench 6 (Fig 3.20) is also located at the inland margin of the site behind the large erosion 
residuals at the front of the outcrop, in the wall of a gully about 200 rn south of Trench 4. 
The trench sequence samples most of the dish-shaped channel infill sequence and the units 
are tentatively correlated to the sequences in Trenches 1, 2 an 4. 
The base of the trench consists of 38 cm of moist plastic dark gray clay with very thin 
laminae (<l mm) of fine to very fine sand (Unit E). This basal clay is overlain by 74 cm of 
interbedded gray and olive gray clay and yellowish clean medium to fine sand (Unit D). 
At -2.82 rn AHD is a conspicuous thin sand band with red-orange rusty colours. Unit C is 
represented by a thin (1 cm) layer of white, very fine sand- and silt-sized, gypsum crystals 
with ripple cross stratification. Overlying the elastic gypsum are 61 cm of gray slightly 
sandy clay (Sub-unit B2) which grades to 16 cm of olive gray clayey sand (Sub-unit Bl). 
Unit B 'is unlarninated and tends to have a blocky structure, particularly in sub-unit Bl 
where moderately well-developed blocky pedal structure exists at the top of the unit. Unit 
B is abruptly overlain by 26 cm of indistinctly laminated clean medium sand of Unit A, 
which has common shell fragments and occasional whole Coxiellada. 
This sequence is interpreted as relatively prolonged lacustrine deposition in interrnediate-
depth water conditions as well as oscillation between shallow and intermediate depth 
conditions. The lake dried and pedogensis briefly affected the lacustrine sediments (top of 
unit B), followed by transgressive nearshore sand as lacustrine conditions returned to the 
site. 
Absolute level of the Sydney Harbour sequence: 
It should be noted that, due to a paucity of levelled datum points in the region, the datum 
for the Lake Dorn survey was a point on the playa floor of Madigan Gulf, about 1.4 km 
from the shoreline, west of the main Lake Dorn outcrop (see Fig 3.21). The height of this 
datum point was determined from the detailed bathyrnetry of the Lake Eyre playa floor of 
Bye et al. (1978) and is believed to accurate within ± 0.5 rn AHD. The Lake Dorn survey 
transect finished on the playa floor of Lake Dorn about 150 rn from the western shoreline 
adjacent to the main outcrop. The Sydney Harbour surveying transect finished on the Lake 
Dom playa floor about 150 rn from the eastern shoreline. There was no clear groundwater-
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controlled playa zonation which could have aided correlating the levels of the two points, 
which are believed to be separated by no more than 0.5 to 1.0 rn. Given that there are two 
points of assumed level in the absolute elevation control of the Sydney Harbour sequence, 
the AHD levels should be considered approximate. The levels of the Coxiellada-rich beach 
sands, which are correlated to similar sediments along the southern margin of Madigan 
Gulf (see AAR results, Section 3.2.2.4), suggest that the derived absolute levels may be 1 to 
1.5 rn too high. Resolving these questions will require levelling the Sydney Harbour and 
Lake Dorn outcrops to a controlled datum. 
3.2.2.2.1 Chronology of the Patella Bay sequence 
Chronological analyses from the Patella Bay sequence are restricted to three AAR analyses 
from the upper part of the sequence. AAR analyses from Coxiellada in the beach sands 
(D /L: 0.693 0.067) suggest a relative age equivalent to the Coxiellada-rich beach sands at 
a number of sites around Madigan Gulf (Table 5.17; Section 5.3.5) as do results from 
Genyornis eggshell (D /L: 0.738 0.003) found on the beach sands and presumed to have 
eroded from them. AAR analyses on Corbiculina have been insufficient to assess the value 
of this taxon for the method. 
3.2.2.2.2 Palaeoenvironmental summary of the Patella Bay sequence 
The Patella Bay sequence consists of a basal horizontally bedded set of units truncated by 
broad dish-shaped valley and disconforrnably overlain by the sediments which infill that 
valley. At the base of the lower sequence, unlarninated yellow and yellowish brown clayey 
sands are of equivocal origin and may be a mixture of fluvial and fluvio-deltaic sediments 
deposited as a lake backed up the palaeo valley; minor pedogenesis indicates occasional 
subaerial exposure. These deposits are overlain by fluvial sediments, indicating a mixture 
of channel-marginal, overbank and sheet flood deposition, which are, in turn, overlain by 
laminated channel sands indicating the presence of consistent high-energy channel 
conditions. The channel sands are overlain by a mixture of channel-marginal sheet sands 
and overbank mud which grade up to domination by the latter, with abundant signs of 
subaerial exposure and pedogenesis, typical of overbank muds in the region. The overbank 
muds are overlain by just over 1 rn of finely laminated grey clay with thin sand laminae, 
which is clearly lacustrine in origin, although it is not clear if it represents flooding of a 
large lake up the palaeovalley or was deposited in a large within-valley lake or billabong. 
The grey lacustrine clay has minor pedogenic modification in the form of earthy secondary 
carbonate segregations and is truncated sharply by the dish-shaped valley. 
The basal unit in the valley-fill sequence indicates deposition in a fluvial environment with 
a thin flood couplet of sand and sandy mud overlain by a channel-marginal climbing-ripple 
sequence. The rest of the valley-fill sequence is lacustrine and is a variable mixture of 
sand, with abundant ooids and ostracods, and sandy clay, with occasional clay and 
elastic gypsum, indicating lake conditions of oscillating water depth and salinity. The 
upper unit of this variable lacustrine sequence is affected by minor pedogenesis with loss 
of lamination, presence of surface cracking and development of blocky pedal structure and 
minor secondary gypsum. The soil layer is truncated and overlain by clean beach sand, 
which contains abundant Coxiellada shells, ooids and rare ostracods, and forms the top of 
the sequence. 
3.2.3. Lake Dom: 
Lake Dom is a small playa basin, located between Madigan Gulf and Sydney Harbour, 
and connected to the gulf by a narrow channel. In this vicinity the shoreline of Madigan 
Gulf is marked by a series of gypcrete-capped palaeo-shoreline ridges (Fig 3.21). Wave 
erosion from ephemeral high water levels in Madigan Gulf has cliffed these ridges in places, 
exposing some of the internal stratigraphy. South east of Eric Island a prominent arcuate 
ridge forms a broad convex promontory which juts into the gulf. This promontory faces 35 
to 50 km of fetch to the south and south west and the resulting vigorous wave action, has 
produced cliffs 6 to 8 min height. Lake Dom is located to the west of this arcuate ridge 
and is approximately 1 km from Madigan Gulf. 
Lake Dom (Fig 3.21) is about 6 km wide at its widest point and has a smooth crescentic 
northern shoreline with a broad lunette which has irregular older lunette features and an 
area of poorly-organised sub-parabolic dunes on its downwind northern margin. The 
southern margin of Lake Dom is extremely irregular with some deep shoreline indentations 
around two broad gypcrete-capped palaeo-shoreline ridges which trend approximately 
north-south. A narrow channel connects the south western extremity of Lake Dom to 
Madigan Gulf. In 1982 there was a salt crust on the floor of Lake Dom of at least 20 cm 
thickness, severely disrupted by pressure buckling, with A-tents up to lm in height. This 
salt must have been brought into the basin from Madigan Gulf during the major ephemeral 
filling of 1974. When revisited in 1994, the playa floor of Lake Dorn contained only a thin 
efflorescence crust and it seems probable that the salt was removed by surface water 
outflow during extreme local rainfall events, particularly those of January 1984 and March 
1989. 
3.2.3.1. Eggshell Beach Site: 
Lake Dom was first visited in 1980 and 19.83 by Dr D Williams, Dr R Tedford and Dr R 
Wells, who reported finding abundant ratite eggshell along the north eastern shoreline 
(Williams, pers comm, 1983). I revisited the lake in 1994 and a number of minor outcrops 
of Pleistocene sediment were located along the western shoreline of the lake where 
groundwater bevelling and wave action have eroded the eastern margin of the arcuate ridge 
which separates Lake Dorn from Madigan Gulf. At its north-eastern e:>Stremity, Lake Dom 
is separated from a bay at the margin of Madigan Gulf by a relatively flat, featureless 
isthmus which connects the arcuate palaeo-shoreline ridge west of Lake Dorn to the ridges 
further north (Fig 3.21). This isthmus forms a broad promontory which juts into Lake Dorn 
and cliff erosion on its face forms a prominent exposure. Abundant eggshell was found in 
situ at this site, and on the surface, and it was named the Eggshell Beach Site. The 
existence of a number of species of in situ eggshell, at multiple stratigraphic levels in a 
sequence containing sediments ideal for luminescence dating, resulted in a detailed 
chronological study of this site. The site forms a major focus in a program of calibration of 
the eggshell AAR reaction in the time range beyond radiocarbon dating. 
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Figure 3.22. Stratigraphic profile along the Eggshell Beach Site outcrop, Lake Dorn, from south to north. Profile shows the extent of some of the stratigraphic units and the location 
of trench sections described in the text and dating sample sites. 
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Figure 3.22 shows the relationship of units at the Eggshell Beaches Site and the location 
and results of OSL, AAR, TIMS U /Th and AMS 14C dating samples and the location of 
trenches. The main exposure occurs over about 350 mat the southern end of the site and is 
capped by a relatively low gypcrete capped dune. At the southern end of this section a 
low bench of clay occurs in front of the cliff just above playa level but does not continue to 
the north. There is no outcrop for 250 m north of the main exposure beyond which a 
gypcrete capped aeolian unit occurs overlying laminated sand, with eggshell in both units. 
The stratigraphy and trenches are discussed in stratigraphic order from oldest to youngest. 
3.2.3.1.1 Main section 
Basal clay unit (Unit K): The top of the basal clay unit is at about -9.65 m AHD and only 
the top 50 ems of the unit was examined in a shallow trench. The unit consists of light 
yellow and light gray, laminated clay and fine sandy clay with thin laminae of fine to very 
fine sand. The sand is dominantly well rounded and sorted quartz with rare fine heavy 
mineral grains and detrital carbonate grains (reworked Etadunna Formation dolomite 
grains) . Clay is dense and massive with fine grainsize indicated by cracks with conchoidal 
faces. Carbonates occur in low abundance through most of the unit (rare detrital grains) 
and in greater abundance in some clay horizons. Secondary gypsum occurs as small ( <5 
mm) segregations of intergrown displacive discoidal crystals. This unit is interpreted as 
intermediate- and deep-water lacustrine deposition with minor post depositional 
pedogenic modification and has been truncated by the sequence exposed in Trench 3. It is 
not clear if the pedogenesis occurred before deposition of the sediments of Trench 3 or is 
due to overprinting through the relatively thin overlying sequence. 
Trench 3: 
Basal laminated sand (Unit J): This unit consists of an unbottomed 116 cm of laminated, 
pale yellow and yellow, clean, medium sand with coarse grains (Fig. 3.23). The sand is 
dominantly quartz with occasional carbonate and heavy mineral grains. The carbonate is 
dominated by detrital fragments (reworked Etadunna Formation dolomite grains) and 
ooids with charophyte oogonia occurring occasionally, especially at the base of Sub-unit Jl 
where the grainsize coarsens. Sub-unit J2, at -10.8 m AHD, consists of 5 ems of clean 
medium sand with very common coarse and very coarse grains and yellowish slightly 
clayey patches. Abundant oogonia occur in addition to ooids and detrital carbonate 
grains. Within Sub-unit Jl, at -10.37 m and -10.17 m AHD, are thin (<1 cm) light yellow 
clayey sand layers with abundant carbonate including ooids, abraded oogonia, detrital 
grains and rare small shell fragments . This unit is interpreted as nearshore lacustrine 
deposition occasionally close to beach level. 
Clastic primary gypsum (Unit I): This unit consists of 4 cm of thin ( <1 mm) bright yellow 
brown, ripple cross laminated, fine sand-sized, prismatic gypsum crystals interlaminated 
with light gray, slightly clayey, gypsum-cemented fine to medium sand. The sand is 
slightly calcareous with rare detrital grains and ooids. These sediments were deposited as 
a primary gypsum evaporite with water conditions sufficiently shallow for elastic 
reworking of the gypsum. Nearshore sand is interbedded with the evaporites. 
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Figure 3.23. Stratigraphic log of Trench 3, Eggshell Beach Site, Lake Dom. 
Laminated nearshore and beach sand (Unit H): The basal sub-units of Unit H occur at the 
top of Trench 3. The lowest sub-unit (H8) consists of 4 cm of clean yellowish gray, 
medium to coarse sand with occasional very coarse grains. The colour is due to the 
presence of abundant detrital carbonate grains; also present are common ooids, oogonia, 
shell fragments and possible small eggshell fragments. The unit has indistinct, wavy, ripple 
cross lamination which is disrupted by massive intergrown gypsum cementation of the 
layer. This sub-unit is interpreted as deposition in a moderately high-energy zone close to 
beach level. The coarse grain size has led to cementation by preferential precipitation of 
post-depositional secondary gypsum. Sub-unit H7 consists of 48 cm of pale yellow fine 
sand with occasional medium and coarse grains and rare clay lenses. The sand is quartz 
with common detrital carbonate, ooids and occasional oogonia. This sub-unit is 
interpreted as a sequence of nearshore lacustrine sands. 
Trench 2: 
Laminated nearshore and beach sand (Unit H): Unit H consists of 92 cm, at the base of 
Trench 2 (Fig. 3.24), of mostly clean, fine and medium sand with common coarse and very 
coarse grains. The sand is dominantly quartz with occasional heavy mineral grains and 
common to abundant carbonate grains, which are dominantly detrital grains and ooids 
with rarer oogonia, shell fragments and ostracods. Secondary gypsum occurs as rare small 
( <5 mm) segregations of intergrown incorporative discoidal crystals. Sub-units H6 and H3 
are thin layers (6 cm) of clean coarse to very coarse sand with occasional fine gravel. The 
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Figure 3.24. Stratigraphic log of Trench 2, Eggshell Beach Site, Lake Dom. 
sand is dominantly quartz with abundant carbonate and rare rock fragments. Carbonate 
grains include abundant ooids and detrital grains, very common oogonia and occasional 
shell fragments and ostracods. Sub-unit H6 contains common aquatic bird eggshell 
fragments and occasional Genyornis eggshell fragments. The basal portion of Sub-unit Hl 
is similar sediment but with slightly finer texture, coarse to very coarse sand with no 
gravel. This unit is interpreted as a sequence of nearshore lacustrine sands and occasional 
high-energy beach deposition. 
Laminated nearshore sand and elastic gypsum (Unit G): Sub-unit G3 consists of 13 cm of 
laminated, pale yellow, very slightly clayey, medium sand with common coarse and very 
coarse grains. Carbonates occur as common reworked Etadunna Formation dolomite 
grains and ooids and rare abraded oogonia. Secondary gypsum occurs as rare small ( <5 
mm) segregations of intergrown, incorporative, discoidal crystals. Interbedded with the 
sand is thin (1-2 cm) layers of thin (<1 mm), dull yellow orange, ripple cross-laminated, 
silt- and very fine sand-sized gypsum, which are interlaminated with fine and very fine 
sand. The sand has ooids and detrital carbonate grains. Sub-unit G2 consists of 26 cm of 
laminated, pale yellow, fine to medium sand with rare coarse grains and rare detrital 
carbonate grains. Thin discontiuous lenses of clay occur as do rare small ( <5 mm) 
segregations of intergrown incorporative discoidal crystals. Sub-unit Gl consists of 14 cm 
of interbedded laminated fine sand and ripple cross laminated prismatic gypsum, very 
similar to sub-unit G3. This unit is interpreted as a sequence of nearshore lacustrine sand 
interbedded with primary gypsum evaporites. These sediments were deposited as a 
primary gypsum evaporite with water conditions sufficiently shallow for elastic reworking 
of the gypsum. 
Laminated nearshore sand and intermediate-depth sandy clay (Unit F): The upper unit in 
Trench 2 (Sub-unit F2) consists of 45 cm of finely laminated medium sand, with occasional 
coarse grains, interlaminated with lenses of fine sandy clay. The sand is dominantly well 
rounded and sorted quartz with common reworked Etadunna Formation dolomite grains. 
Secondary gypsum occurs as common segregations, up to 1 cm, of intergrown incorporative 
discoidal crystals. This unit is interpreted as a sequence of nearshore lacustrine sand 
interbedded with intermediate-depth lacustrine sediment. 
Trench 1: 
Laminated nearshore sand and intermediate-depth sandy clay (Unit F): The lower portion of 
the Trench 1 sequence (Fig. 3.25) consists of 91 cm of Sub-unit F2 identical in character to 
the upper part of Trench 2. Sub-unit Fl consists of 11 cm of finely laminated, light yellow 
and pale yellow, clayey fine sand and very fine sand and very fine sandy clay. The 
sediments are calcareous with a strong reaction to 10% HCl in some layers and moderate 
reaction in others, but the grainsize is too fine to resolve the nature of the carbonates. 
Secondary gypsum occurs as very common segregations, up to 1 cm, of intergrown 
displacive discoidal crystals. This unit is interpreted as a sequence of nearshore lacustrine 
sand interbedded with intermediate-depth lacustrine sediment. 
Nearshore sand (Unit E): This unit consists of 21 cm of clean, white, well sorted and 
rounded, fine to very fine quartz sand with common heavy mineral grains. The unit is 
moderately calcareous with detrital grains dominant. Secondary gypsum occurs as 
occasional small ( <5 mm) segregations of intergrown incorporative discoidal crystals. This 
unit is interpreted as a sequence of nearshore lacustrine sand. 
Laminated sand and sandy clay (Unit D): The lower portion of this unit (D2) consists of 12 
cm of laminated, pale yellow, clean fine sand. This is overlain by 9 cm of laminated pale 
greenish yellow, clayey fine sand and sandy clay with abundant coarse sand at the base of 
the layer (Sub-unit Dl). The sand is dominantly well rounded and sorted quartz with 
common fine heavy mineral grains and rare detrital carbonates. Small ( <5 mm) 
segregations of intergrown displacive discoidal secondary gypsum crystal occur commonly. 
This unit is interpreted as most probably representing shallow-water and nearshore 
lacustrine deposition. It is tentatively correlated to the channel fill unit of the Channel 
Section (see Channel Section, below) and therefore could possibly be fluvially deposited. 
Carbonate or sedimentary structures characteristic of a particular environment are not 
present. 
Fluvial overbank mud (Unit C): At the top of Trench 1 are 21 cm of dull yellow orange 
medium sandy mud and muddy sand. The sand is dominantly well rounded and sorted 
quartz and mud generally occurs as a massive matrix. There is a mild reaction to 10% HCl 
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Figure 3.25. Stratigraphic log of Trench 1, Eggshell Beach Site, Lake Dom. 
although discrete carbonate grains were not observed. Secondary gypsum is very common, 
with displacive, discoidal crystals, up to 5 mm, intergrown in segregations up to 1 cm. 
There is some secondary clay organisation with weakly developed pedal blocky structure. 
Occasional very small dendritic secondary manganese segregations occur. This unit is 
interpreted as a thin fluvial overbank mud unit with minor pedogenic modification. Much 
of the secondary gypsum is probably due to pedogenic overprinting from the overlying thin, 
gypsum-rich aeolian unit. 
3.2.3.1.2 Channel Section 
At about 100 m from the southern margin of the main section (Fig 3.22) there is thin 
discontinuous beach sand unit which is incised by a small gully channel with a sediment 
infill. The beach sand contains abundant eggshell and the relationship of the sedimentary 
units is shown in Figure 3.26. 
Beach sand (Unit E): The beach sand unit extends over about 8 m horizontally with a 
sharp erosive lower boundary over the underlying laminated fine sand. The beach unit is 
about 20 to 25 cm in thickness and wedges out at both its northern and southern margins. 
Internally the sand has cut and fill units marked by high angle cross lamination which is 
concave towards the south, truncated at the top and asymptotic at the base. The 
sediment consists of clean medium to coarse sand with common very coarse grains and 
occasional small gravel. Well rounded and sorted quartz is dominant with abundant 
detrital carbonate grains and common ooids. Abraded oogonia occur rarely. Secondary 
gypsum occurs as occasioanl segregations, up to 1 cm, of intergrown, incorporative, 
discoidal crystals. Eggshell from aquatic birds and Genyornis occurs occasionally and emu 
eggshell more rarely. This unit is interpreted as deposition under moderately high-energy 
beach conditions with progradation towards the south. 
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Figure 3.26. Stratigraphic relationship of units at the Channel Site, Eggshell Beach, 
Lake Dom and location and results from dated samples. Letters in small boxes refer 
to stratigraphic unit descriptions. 
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Channel fill (Unit D): The small channel clearly truncates the beach sand and is incised 
into the underlying laminated fine sand unit. The channel is about 2 min width and about 
45 to 50 cm in depth. The basal part of the channel fill unit consists about 5 cm of pale 
yellow, well rounded and sorted, fine quartz sand with rare heavy mineral grains and 
detrital carbonate grains (Sub-unit D3). Secondary gypsum occurs as common discoidal 
crystals up to 1 cm in size which form an intergrown mass in some places, cementing the 
sub-unit. This is overlain by a lens of light gray medium to coarse sandy clay, with a 
maximum thickness of about 20 cm (Sub-unit D2). There is a slight reaction to 10% HCl in 
the sand fraction, due to the presence of rare detrital carbonate grains; the clay is non-
calcareous. The sub-unit is strongly impregnated by intergrown, displacive, discoidal, 
secondary gypsum segregations up to 1 cm. The upper part of the channel fill unit consists 
of a lens of pale yellow, well rounded and sorted, slightly clayey medium quartz sand with 
a maximum thickness of about 30 cm (Sub-unit Dl); clay occurs as thin discontinuous 
lenses. Rare detrital carbonate grains occur in the sand and secondary gypsum is present 
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as rare small segregations. Unit Dis interpreted as fluvial sand and mud which have filled 
a minor channel or gully, perhaps at the margin of a larger fluvial channel. 
Fluvial overbank mud (Unit C): The upper boundary of both the beach sand (Unit E) and 
the channel fill (Unit D) is sharp and erosional and both units are overlain by an orange 
brown massive mud unit which can be traced along the outcrop to Unit C in Trench l. The 
mud unit thins markedly at the southern end of the beach unit and wedges out near the 
southern extremity of the main section. In the Channel Section, Unit C consists of up to 
about 25 cm of orange brown medium to coarse massive sandy mud. The unit is non-
calcareous with secondary reorganisation of clays and minor development of blocky pedal 
structure. Small segregations ( <5 mm) of displacive discoidal gypsum crystals occur 
commonly. This unit is interpreted as a thin fluvial overbank mud with minor pedogenic 
modification. Much of the secondary gypsum is probably due to pedogenic overprinting 
from the overlying thin, gypsum-rich aeolian unit. 
Gypseous aeolian sand (Unit A): Overlying the overbank mud unit, with a sharp horizontal 
erosional boundary, are about 150 cm of gypseous aeolian sand. At the Channel Section 
the lower sub-unit (A2) consists of 100 cm of pale orange slightly clayey medium sand 
with occasional coarser grains. The sand contains an approximately equal abundance of 
medium quartz and slightly coarser discoidal gypsum crystals. Finer clay pellets occur 
commonly but are much less abundant than quartz and gypsum. Aggregates of discoidal 
secondary gypsum occur throughout the sub-unit. The upper 50 cm of the unit (Al) is 
dominated by secondary gypsum with a surface gypcrete with polygonal forms. 
Rhizomorphs extend throughout the sub-unit. This unit is interpreted as lake-marginal 
aeolian deposition of sediment deflated from a playa. The abundance of gypsum and the 
presence of clay pellets demonstrates that saline groundwater-controlled deflation was the 
major source of sediment for the dune. The unit probably formed at the time of deflation 
of the Lake Dom playa. 
3.2.3.1.3 Upper beach, main section 
About halfway between the Channel Section and Trench 1, a thin beach sand (Unit B) 
disconformably overlies the orange brown fluvial overbank mud (Fig 3.22). The beach sand 
is similar to Unit Eat the Channel Section and is up to 15 cm in thickness and occurs over 
about 30 m of the exposure and wedges out at its northern and southern margins. As with 
Unit E the internal structure of the unit shows a number of cut and fill events marked by 
high angle cross lamination which is concave towards the north, truncated at the top and 
asymptotic at the base. The sediment consists of clean coarse to very coarse sand with 
common small gravel. Well rounded and sorted quartz is dominant with abundant detrital 
carbonate grains and common ooids. Secondary gypsum occurs as occasional segregations, 
Plate 3.10. Eggshell Beach Site, Lake Dom. Lower case labels indicate lithological 
characters and features. au = aeolian unit; sg = surface gypcrete; born =brown overbank 
mud; Ch= site of Channel Section. 
View is from the playa surface and shows the location of Trenches 1, 2 and 3 and a 
surveying tripod at the location of TBM 92/5 temporary bench mark. 
Plate 3.10. Eggshell Beach Site, Lake Dom 

up to 5 mm, of intergrown incorporative discoidal crystals. Unlike most other high-energy 
beach sediments at the Eggshell Beach site, bird eggshell was not found in the unit, despite 
considerable sieving and careful examination of the beach sand. This unit is interpreted as 
deposition under moderately high-energy beach conditions with progradation towards the 
north. 
3.2.3.1.4 Northern section 
The stratigraphic section at the northern end of the site has not been examined in detail. 
From about playa level to about -9.5 m AHD the sequence consists of finely laminated 
sand with secondary gypsum segregations and a ripple cross laminated gypsum layer at 
about -10 m AHD. Genyornis eggshell was found in the laminated sand. Above the 
laminated gypseous sand are about 60 cm of clean sand capped by another ripple cross 
laminated gypsum layer. Overlying the upper gypsum layer are about 220 cm of aeolian 
gypseous sand with abundant secondary gypsum and a surface gypcrete. The aeolian 
sand contains relatively common, large angular in situ fragments of Genyornis eggshell. 
3.2.3.1.5 Chronology of the Eggshell Beach site 
Chronology for this site is provided by 8 OSL, 17 AAR, 3 TIMS U-series and 2 AMS 14C 
ages (Fig. 3.22). The dating results from the main (southern) section of the site form a 
consistent series which provides a chronology for the site and suggests some uncertainties 
in the correlation of stratigraphic units, through the areas of no exposure, as indicated by 
the dashed lines and question marks of Figure 3.22. In contrast, the OSL, AAR and U-
series ages from the northern section form an inconsistent series. 
AAR analyses from Genyornis eggshell (D/L: 1.173 0.079 and 1.241) and aquatic bird 
eggshell (D/L: 1.221 0.059 and 1.156 0.036) from the beach sand of Sub-unit H6, at 
the base of Trench 2, suggest an isotope-stage-7 age for deposition of the unit. This age is 
supported by the OSL date of 174.1 26.6 ka from about 15 cm higher in sub-unit HS. A 
TIMS uranium-series age of 229.8 7.5 ka, was also obtained on Genyornis eggshell from 
the eggshell-rich beach horizon (Sub-unit H6) at the base of Trench 2 (Figs. 3.22; 3.24). 
This age is considerably older than the OSL date from stratigraphically slightly higher in 
the same sequence. However, it is very likely that Genyornis eggshell in beaches is 
reworked, and both dates suggest a probable stage 7 age for deposition and thus appear to 
be in at least partial agreement. It is likely that this stage 7 sequence of beach and 
nearshore sand continues to the top of Unit Fat -6.91 m AHD in Trench 1 where a sharp 
break occurs. This suggests that the basal laminated clay at the main section (Unit K), 
which is apparently truncated by the late stage 7 beach and nearshore sand units, must be 
early stage 7 at youngest. Unit K could be considerably older than stage 7 but the lack of 
major pedogenic modification suggests that, unless a severe erosional event has removed 
an upper pedogenic horizon, an early stage 7 age is most likely. 
Stage 5 AAR and OSL dates have been obtained from Units E and D at the main section. 
An OSL date of 112.9 8.4 ka was obtained from Unit E in Trench 1, confirming that a 
major time break exists between it and the underlying sequence. From the beach sand at 
the Channel Section, an OSL date of 113.7 8.3 ka is consistent with early stage 5 AAR 
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results from emu, Genyornis and aquatic bird eggshell (Fig 3.22). These two OSL dates 
confirm the correlation of the beach unit at the Channel Section and Unit E in Trench 1. 
Beach sand of Unit B, with an OSL date of 89.7 8.5 ka, indicates the occurrence of 
lacustrine conditions at the site later in stage 5. The OSL date of 50.5 4.5 ka in the 
gypseous aeolian unit at the top of the main section indicates that the age of the deflation 
event which deposited the dune, and presumably deflated the Lake Dom basin, was about 
50 ka. 
The AAR analyses from Genyornis eggshell at the Northern Section of the site (Fig 3.22) 
suggest that the nearshore lacustrine sediments of this exposure are early stage 5 in age, 
and correlate to the upper portion of Trench 1 at the main section. AAR analyses from the 
overlying aeolian sand at the Northern Section suggest that the dune was deposited shortly 
after the underlying early stage 5 shallow-water lacustrine sequence. An OSL age of 116 
7.4, from the nearshore lacustrine sediments of this exposure, agrees well with the AAR 
results but is much younger than two consistent OSL dates of 170.3 28.3 and 174.0 
25.l from the overlying aeolian sand, which are much older than the AAR results from that 
unit. There were considerable difficulties with both palaeodose (close to saturation) and 
dose rate estimations in these samples, resulting in the large errors quoted, but the ages 
cannot be reconciled with an age as young as early stage 5. There were also uncertainties in 
the dose rate estimation for the OSL sample in the underlying nearshore lacustrine 
sediments which produced the 116 7.4 ka age. Unfortunately, field gamma 
spectrometry, which might have resolved some of the dose rate uncertainties of these 
samples, are not available. 
TIMS U-series ages of 218.9 12.2 and 331.1 16.2, were obtained from the aeolian unit 
at the Northern Section (Fig. 3.22), on the same Genyornis eggshell samples which were 
AAR dated (D /L ratios of 1.01 and 0.92 respectively). These ages are not consistent with 
each other and cannot be reconciled with either the AAR or OSL results. The 230Thf232Th 
ratios of 27.8 and 13.0 suggest that detrital thorium is unlikely to be responsible for the 
discrepancy, especially for the higher value, and that uranium leaching is the likely cause. 
Loss of uranium from the sediment, as well as the eggshell, would result in an 
underestimation of the dose rate and overestimation of the OSL age. However, the 
germanium-gamma spectrometry results (Section A2.3.2.2) do not indicate any significant 
disequilibrium in the U-series decay chain. Clearly, the Northern Section requires further 
stratigraphic and chronologic work to resolve these problems. 
Plate 3.11. Channel Site, Lake Dom. Capital letter labels indicate stratigraphic unit 
codes used in text and figures, lower case labels indicate lithological characters and 
features. pg= polygonal gypsum; au= aeolian unit. 
A: Shows the channel form, the infilling units (D) and the beach unit (E) truncated by the 
channel. 
B: Close view of the beach sand of Unit E. The coarse grainsize and cross lamination are 
apparent. 
Plate 3.11 Channel Site, Eggshell Beach, Lake Dorn 

3.2.3.1.6 Palaeoenvironmental summary of the Eggshell Beach site 
Because of the chronologic uncertainties at the Northern Section and resultant difficulties 
of correlation to the Main Section, only the well-dated latter sequence is considered in the 
following discussion. 
Lacustrine conditions occurred at the site, early in stage 7 or before, with deposition of 
laminated clay and fine sandy clay in intermediate- and deep-water conditions. A dry 
episode followed, and minor pedogenesis affected the lacustrine sediment. The early 
lacustrine sediments were truncated, apparently in late stage 7, when lacustrine conditions 
returned to the site and at least 4 m of nearshore and beach sand units were deposited late 
in stage 7. These sandy shallow-water sediments contain abundant lacustrine carbonates 
and Genyornis and aquatic bird eggshell in the coarser beach sand units. The top of this 
sequence is sharply truncated and no evidence is preserved of conditions at the site 
through isotope stage 6, but clearly the site was not subjected to a major phase of playa 
deflation. 
Early in stage 5 lacustrine conditions returned to the site and a thin sequence of nearshore 
sand units and beach sand, which again contains abundant lacustrine carbonates including 
multiple eggshell types. After deposition of the early stage 5 beach sand, the lake level 
dropped below this level and minor gully incision occurred, either at the lake edge or 
marginal to a fluvial system. The gully is filled with sediments (Unit D) which are 
probably fluvial and are, as yet, undated. Pluvial conditions continued at the site with 
deposition of a thin overbank mud unit (C), also undated, across the Main Section. 
A thin unit of beach sand (Unit B), which truncates and overlies the thin overbank mud 
unit, indicates the return of lacustrine conditions at the site, perhaps relatively briefly, later 
in stage 5. No evidence, is preserved at the site, of environmental conditions between the 
late stage 5 beach unit and deposition of the gypseous aeolian unit at the top of the main 
section at about 50 ka. The deflation event associated ·With deposition of this dune, 
presumably formed the Lake Dom basin. A well-developed secondary pedogenic gypsum 
horizon is developed on this dune, indicating that a period of landscape stability, with 
relatively abundant meteoric moisture, followed the playa-deflationary event which 
deposited the aeolian unit. Drier conditions subsequently resulted in truncation of the soil 
to the secondary gypsum horizon and there has been minor aeolian deposition in the late 
Pleistocene. 
3.3. COOPER CREEK SITES 
Tedford et al. (1986) defined the type area for the Kutjitara Formation along the Cooper 
Creek between the Eli Hartig soak site, where seismic line RBF intersects the river, and Pink 
Pool Bend (Fig 3.27). The river meanders broadly through this section and is deeply 
incised between high cliffs which are relatively continuous on both sides of the valley. 
Through this reach, thick reddish brown gypsum-rich exposures of Kutjitara Formation are 
predominant in the cliff sections. Katipiri Formation channels of various width and depth 
are cut into the top of the Kutjitara Formation and are filled with greenish grey sediments. 
Some of the less resistant, Katipiri channels have been selectively removed by gully 
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erosion. Modern sand bars on the floor of the Cooper Valley in this reach are very rich in 
reworked fossil material, particularly those bars which are adjacent to, or just downstream 
of, gullied Katipiri Channels. South of the Cooper, some of these channels are clearly 
traceable, beneath the dunefield, on aerial photographs (Fig 3.27). 
This section of the thesis examines the Kutjitara Formation at Pink Pool Bend on the 
Cooper Creek and at Lake Kutjitara North away from the present Cooper valley and then 
looks in detail at Kutjitara West Bluff, a major exposure downstream of Pink Pool Bend 
where a thick sequence of Katipiri Formation fluvial sediments overlies Kutjitara Formation 
and Etadunna Formation (Fig 3.27). 
3.3.1. Pink Pool Bend Section, 
Pink Pool Bend is the most westerly outcrop, known from the Cooper Valley, of virtually 
complete Kutjitara Formation. This outcrop is probably close to the type section as 
described, but not clearly located, by Tedford and Wells (1990). Figure 3.28 shows the 
sequence of units in the outcrop (Plate 3.12 A) which are described from base to top. The 
site has not been levelled accurately to AHD but the approximate level of the Cooper 
channel has been estimated by extending upstream, the channel slope calculated between 
Kutjitara West Bluff and the Lake (0.00035) . 
Basal laminated sediments (Unit I): At the base of the outcrop, and extending below it to an 
unknown depth, is a sequence of mostly laminated brownish, olive- and blue-grey clay and 
slightly sandy clay. The lamination is accentuated by very thin fine sand or silt partings 
which show evidence of iron oxide and hydroxide staining, suggesting that gypsum could 
be present. The dark colours, particularly the blue-grey upper 15 cm, and the fine 
lamination suggest the possibility that the unit could be lacustrine. However, the presence 
of silt partings suggests the relatively close proximity to a fluvial source and, if lacustrine, 
the sequence could be deltaic or a within-valley lake of limited size. 
Tedford and Wells (1990) show Etadunna Formation at the base of their Kutjitara 
Formation type section. Unit I at the base of the cliff does not resemble the colour or 
lithology of the Etadunna Formation in the Lake Kutjitara region and, despite having a 
relatively sharp upper boundary, appears to be conformable with the Kutjitara formation 
sediments overlying it. 
Fluvial overbank mud (Unit H): Overlying the basal laminated clay are 100 cm of grey- and 
red-brown mottled fluvial overbank mud. At the base of the unit the mud is grey brown 
and abruptly overlies the blue grey laminated clay. The grey brown mud has partings of 
iron oxide-stained silt or fine sand which are similar to those in the underlying clay and 
support the likelihood that Units I and H are conformable. The grey-brown mud grades to 
red-brown mud which shows signs of pedogenic modification in the form of vertical 
cracking, blocky pedal structure, secondary clay organisation and dendritic manganese 
nodules. This mud is interpreted as fluvial overbank mud deposited by vertical accretion 
on a flood plain and affected by sub-aerial exposure and pedogenesis. The mud strongly 
resembles similar facies in the Kutjitara Formation at Kutjitara West Bluff (Unit J) and 
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Pink Pool Bend Section, 
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Figure 3.28. Stratigraphic section at Pink Pool Bend, Cooper Creek. 
Lake Kutjitara North (Unit G) which are at a similar absolute level suggesting the existence 
of a widespread low gradient flood plain at this time. 
Laminated and gi;pseous fluvial sand (Units G to E): Sharply overlying the floodplain mud 
is 80 cm of horizontally-laminated, clean, white and buff sand (Unit G). The sand has thin 
red-brown mud laminae near the base and lenses of very coarse sand at the top . 
Secondary discoidal gypsum is present in the upper part. This sand indicates the onset of 
more energetic fluvial aggradation with the very coarse sand lenses in the upper portion 
suggesting channel deposition, but no ripple or trough cross-stratification was observed. 
This sand is overlain by 30 cm 0f yellow-orange, indistinctly laminated sand which is 
massively cemented by secondary gypsum (Unit F). The gypsum occurs as isolated small 
( <0.5 cm) discoidal crystals and rarer intergrown aggregates and rosettes. Gypsum 
cementation is such that the unit forms a prominent bench in the outcrop. This sand is 
slightly finer than the underlying sand but the origin of the massive gypsum cementation is 
not apparent. The gypsum cemented sand is overlain by 90 cm of unlaminated sand which 
grades in colour from yellow-orange at the base to red-orange at the top (Unit E). 
Secondary gypsum increases up the unit in the form of isolated discoidal crystals and 
intergrown aggregates are very common in the upper part of the unit. Units F and E 
indicate continued aggradation of fluvial sand which has been strongly affected by post-
depositional secondary gypsum formation. 
Gypseous fluvial sand and mud (Unit D): This unit consists of 200 cm of regularly 
interbedded reddish-brown sand and red-brown sandy mud and muddy sand. The 
muddy layers are regularly spaced at about 10-15 cm and the unit appears to be a 
sequence of flood couplets. The unit is strongly affected by secondary gypsum which 
accentuates the original texture differences. The sand layers are massively cemented by an 
intergrown mass of incorporative discoidal crystals and protrude from the cliff face. The 
muddier horizons contain abundant isolated displacive discoidal crystals and discrete 
intergrown aggregates and rosettes. 
Gypsum cemented sand (Unit C): Overlying the flood-couplet sequence are 30 cm of 
unlaminated red-brown sand (Unit C), with abundant secondary gypsum very similar to 
that of Unit F. 
Gypsum pedogenic profile (Units B and A): The upper 260 cm of the outcrop is a well-
developed gypsum-rich pedogenic horizon which has extensively modified an upper sand 
unit of the outcrop. The basal 100 cm of Unit B consists of greyish red-brown, sand-rich, 
powdery gypsum with intergrown discoidal gypsum rosettes and gypsum rhizomorphs. 
This grades to about 90 cm of similar material but with increasing abundance of powdery 
gypsum and less quartz sand. The upper 40 cm of Unit B is olive-grey to orange-brown 
powdery gypsum, with abundant intergrown discoidal gypsum rosettes and gypsum 
rhizomorphs, and is capped by a massive layer of intergrown, discoidal gypsum. 
Overlying this cemented layer is 25 cm of whitish, powdery gypsum with isolated 
discoidal gypsum and rosettes (Unit A), which has a surface lag of discoidal gypsum. The 
mode of deposition of the upper sand of the outcrop is unknown as its original character 
has been obliterated by secondary pedogenic gypsum growth. It is not clear whether Unit 
A is part of the pedogenic horizon or represents a later addition of sediment, which has 
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also been pedogenically modified. The presence of the intergrown gypsum mass at the top 
of Unit B supports the latter explanation. 
3.3.1.1 Chronology of the Pink Pool Bend, Section: 
No chronological analyses are available from the Pink Pool Bend section. Etadunna 
Formation was not identified at the base of this section, although it was identified at the 
nearby Kutjitara West Bluff site (Section 3.3.3) and Lake Kutjitara North site (Section 
3.3.2) and was recognised in this portion of the Cooper Creek region by Wells and Callen 
(1986) and Tedford and Wells (1990). The whole of the Pink Pool Bend section is 
attributed to the Kutjitara Formation and a number of luminescent dates from other sites 
suggest an age beyond stage 7 for this unit. TL dates from the Kutjitara Formation of >440 
ka (W 809) and >320 ka (W 810) from Lennys Island, Lake Hydra (Section 3.2.1) and 
>290 ka (W 811) from Eli Hartig Waterhole upstream of Pink Pool Bend were reported by 
Callen and Wells (1992). An OSL date, of >350 ka, from the Kutjitara Formation at 
Kutjitara West Bluff site (Section 3.3.3.5) indicates a similar antiquity for the unit. 
3.3.2. Lake Kutjitara North: 
Figure 3.27 shows the location of the site at the north western corner of Lake Kutjitara 
where lake marginal cliffs occur (Plate 3.12 B). The site was not levelled accurately to 
AHD but the approximate level has been established by assuming the same level for the 
surface of Lake Kutjitara, as established by levelling at the Lake Kutjitara South site. The 
sequence (Fig 3.29) is described from the base to the top. 
Etadunna Formation sandy clay (Unit H): At the base of the cliff and underlying the lake 
surface is at least 150 cm of unlaminated olive-green sandy clay. The sediment is non-
calcareous and there is some organisation of the clay producing a dense massive matrix, 
cementing the quartz sand grains. The unit is very similar in colour and lithology to the 
Etadunna Formation at the southern end of Lake Kutjitara and Kutjitara West Bluff. The 
unit is capped by a massive vein gypsum layer. 
Fluvial overbank mud (Unit G): Overlying the Etadunna Formation are 80 cm of massive 
unlaminated red-brown mud (Unit G) with some blocky structure at the top of the unit. 
The unit represents deposition of fluvial overbank mud with some pedogenic modification. 
A thin irregular horizon of buff-orange fine sand at about -6.13 m AHD is diffuse, due to 
post-depositional modification, and represents an influx of flood sheet sand on the flood 
plain. 
Plate 3.12. Pink Pool Bend and Lake Kutjitara North, Cooper Creek. Capital letter labels 
indicate stratigraphic unit codes used in text and figures. 
A: Pink Pool Bend outcrop, degree of secondary gypsum development and in situ 
reddening are apparent. 
B: Lake Kutjitara North outcrop, degree of secondary gypsum development and in situ 
reddening are apparent. 
Plate 3.12 Pink Pool Bend and Lake Kutjitara North, Cooper Creek 
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Figure 3.29. Stratigraphic Section at Lake Kutjitara North. 
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Gypseous fluvial sand (Units F and E): Unit F consists of about 25 cm of buff sand and 
muddy sand with numerous sand- and gravel-sized grey- and red-brown mud clasts. 
Secondary gypsum is very common in the unit, occurring as isolated and intergrown 
rosettes of discoidal crystals. At the top of the unit is a wedge of buff medium sand. This 
unit is interpreted as deposition in a more energetic fluvial regime with some of the 
underlying red-brown overbank mud unit reworked locally as mud intraclasts. Unit Eis an 
orange-brown sandy mud which is massively cemented by secondary gypsum in the form 
of abundant isolated discoidal crystals and very common intergrown rosettes. At the top 
of the unit gypsum forms a massive hard intergrown layer and the unit is sufficiently 
cemented to form a prominent bench in the outcrop. 
Channel-marginal sand unit (Unit D): Consists of 10 cm of buff sand which is ripple cross-
laminated with numerous thin discontinuous red-brown mud drapes, deposited as fluvial 
channel-marginal sands. 
Interbedded fluvial sand and mud (Unit C): This unit consists of 40 cm of interbedded clean 
white sand, buff muddy sand and red-brown mud of variable thickness. The unit 
represents deposition by vertical accretion, away from an active channel, of overbank mud 
and thin flood sand sheets. The lower part consists of regularly interbedded coarse and 
fine layers which could be flood couplets. The top of the unit is a thicker massive bed of 
overbank mud with minor mottling and blocky structure suggesting minor pedogenic 
alteration. The unit does not contain abundant isolated secondary gypsum as do both the 
underlying and overlying units. However, at the base of the upper overbank mud unit is a 
3 cm thick, irregular, sub-horizontal vein of massive alabastrine gypsum of unknown origin. 
At the top of the unit the upper boundary of the overbank mud is marked by a 1 to 2 cm 
thick intergrown massive layer of secondary discoidal gypsum. This gypsum layer has 
formed by concentration at the mud-sand textural contrast of gypsum translocated 
pedogenically through the overlying sand. 
Gypseous fluvial sand (Unit B): This unit consists of 70 cm of indistinctly horizontally 
laminated buff-grey sand at the base and red-orange sand above. The lower sand has 
abundant secondary gypsum in the form of orange-brown patches of discoidal crystals. 
The upper sand contains much less abundant gypsum as isolated discoidal crystals. A 
thin (1 cm) mud layer in the upper portion is impregnated with more abundant secondary 
discoidal displacive gypsum. In the middle of the unit a thicker (2-3 cm) continuous dense 
red-brown mud layer has acted as barrier to downward pedogenic translocation of 
gypsum and has a massive intergrown discoidal gypsum layer at its upper boundary. 
Coarser grainsize in most of this unit suggests a return to more energetic flu vial deposition 
but no channel fill structures were recognised; however, the sediment is disrupted by 
secondary gypsum and lamination is poorly preserved. The thin mud layers indicate that 
vertical accretion overbank mud was occasionally deposited. 
Sand with gypseous pedogenic profile (Unit A): At the top of the outcrop are 120 cm of 
sand with a well-developed pedogenic gypsum profile, with distinct horizons. The sand at 
the base of the unit is reddish brown with poorly preserved lamination and abundant 
secondary gypsum. The gypsum occurs as isolated discoidal crystals and intergrown 
rosettes of discoidal crystals. Layers 3 to 4 cm thick with abundant gypsum alternate with 
layers of similar thickness with less gypsum and poorly preserved cross-stratification. 
This layering suggests that the sand could have been deposited as a laterally accreting 
fluvial channel deposit, but disruption by secondary gypsum precludes confirmation of 
this possibility. The sand grades to about 40 cm of partially cemented pale orange-brown 
powdery gypsum ~ith abundant isolated and intergrown rosettes of gypsum which 
decrease in size from 3 to 4 cm to 1 to 2 cm down the horizon. There is a gradational 
boundary to the upper horizon of the profile, which consists of 20 cm of whitish, loose, 
powdery gypsum with abundant large (3 to 4 cm) red-orange intergrown rosettes of 
discoidal secondary gypsum crystals. 
3.3.2.1. Chronology of the Lake Kutjitara North Section: 
No chronological analyses are available from the Lake Kutjitara North section. Etadunna 
Formation was identified at the base of this section (Unit H), and all of the overlying 
section is attributed to the Kutjitara Formation. As detailed in Section 3.3.1.1, a number of 
luminescent dates from other sites suggest an age beyond stage 7 for this unit. 
3.3.3 Palaeoenvironmental summary of Pink Pool Bend and Lake Kutjitara North 
These outcrops of Kutjitara Formation are very similar, except at the base. At Pink Pool 
Bend, the base of the sequence consists of laminated clay and thin fine sand laminae, 
deposited in a lacustrine environment with nearby fluvial source, which is conformable 
with the overlying sediment. At Lake Kutjitara North, Etadunna Formation occurs at the 
base of the sequence. At both sites, the basal units are overlain by a massive red-brown 
overbank mud which is at approximately the same elevation, and also at Kutjitara West 
Bluff, indicating the existence, at this time, of a widespread low-gradient floodplain. 
Overlying the overbank mud at both sites, are fluvial channel sands which indicate a 
change to higher-energy deposition followed by aggradation of a variable sequence of 
channel and channel-marginal sands, and vertical accretion deposits, including sheet 
sands, overbank muds and flood couplets. This sequence indicates that an actively 
aggrading floodplain environment existed. Sedimentary structures are poorly preserved 
through the sequence, at both sites, due to extensive precipitation of secondary discoidal 
gypsum which forms abundant dense intergrown aggregates, of incorporative crystals, in 
sand layers and aggregates of displacive crystals in the upper portion of mud layers. 
At both sites the sequence is capped by a thick pedogenic gypsum zone with abundant 
powdery gypsum and no original sedimentary characteristics preserved. This profile and 
the amount of secondary gypsum in the fluvial sequence, indicate that abundant post-
depositional aeolian gypsum has been transported to the site and there has been a long 
period of pedogenesis, with sufficient meteoric water available, to mobilise the gypsum in 
the profile. The relatively strong red-brown colours of the sequence support 
this conclusion. 
3.3.4. Kutjitara West Bluff 
Kutjitara West Bluff is a prominent exposure on the north bank of the Cooper Creek on the 
western or downstream side of the overflow channel into Lake Kutjitara (Fig 3.27) The 
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outcrop provides a continuous exposure over about 1150 metres with an additional 
exposure, of relatable stratigraphic units, 250 m to the east on the western margin of the 
southern end of Lake Kutjitara. The exposure is capped by a series of aeolian units 
including a modern dune with a mobile double crest at +25m AHD which forms one of the 
highest topographic points in that part of the Tirari Desert (Plate 3.13; Fig 3.30) . 
Underlying the aeolian sediments is a thick complex of Katipiri Formation sedimentary 
units which in turn overlie Kutjitara and Etadunna Formation sediments. This outcrop is 
of particular interest because it is one of the few in the region which has a vertical 
succession of a number of units. For this reason it has been the object of detailed 
stratigraphic analysis and a major focus for OSL dating. Figure 3.30 shows the 
relationship of the major stratigraphic units in the whole outcrop, the location of individual 
profiles and sites described in detail in the text and the location of dated samples. The 
outcrop has been surveyed and levelled by a transect from a permanent marker (SP 1200) 
on seismic line 84 TZT (Fig 3.27) 
3.3.4.1 Main Profile: 
The location of this profile was chosen because all the major units were represented and 
the natural exposure in the cliff was least obscured by slumping. The stratigraphic units 
are detailed in Figure 3.31 and described from the base up. 
Etadunna Formation: (Unit M). At the base of the channel is a yellowish-green unlaminated 
silty-sand. The sand contains poorly sorted, fine to very fine, sub-angular to sub-rounded, 
quartz grains in a dense mud matrix. There is minor organisation of the matrix into grain 
and channel cutans, the latter possibly representing rootlets. The irregular upper boundary 
of the unit is marked by massive, intergrown, displacive, discoidal, selenite gypsum 
crystals up to 5-10 cm wide which forms an irregular polygonal pattern in plan. The 
gypsum extends vertically down cracks for up to 50 cm, thinning with depth. The colour 
and lithology of this unit is very different to the white dolomitic clay and dark green clay 
underlying the Quaternary sequence at Madigan Gulf and the Lake Clayton/Fly Lake 
region. However, similar lithologies have been described from the type section at Lake 
Palankarinna to the east and from the Lake Kanunka/Lake Ngapakaldi area to the 
northeast (Stirton et al., 1961; Wells and Callen, 1986) and are known from the Snake 
Dam area to the south east. Etadunna Formation sediments with this lithology have been 
interpreted as deposited by relatively low energy streams feeding west and north west to 
Miocene alkaline lakes (Wells and Callen, 1986). An XRD analysis of the clays at 
Kutjitara West Bluff found an assemblage dominated by smectites with the possible 
presence of palygorskite (insufficient abundance to be positively identified by XRD). This 
Plate 3.13. Kutjitara West Bluff, Cooper Creek. Lower case labels indicate lithological 
characters and features . au = aeolian unit; lafs = lateral accretion fluvial sand; leg = 
laminated elastic gypsum. 
A. Low level aerial view looking approximately northwest towards the northern part of 
Lake Eyre North. The site of the Channel Infill unit (Gully Section) is marked. 
B. Ground view from the dry bed of Cooper Creek, looking east along the outcrop. The 
site of the Channel Infill unit (Gully Section) is marked. 
Plate 3.13. Kutjitara West Bluff, Cooper Creek 
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Figure 3.30. Stratigraphic section from west to east of the Kutjitara West Bluff outcrop, Cooper Creek, showing relationship of 
stratigraphic units and the location and results from dated samples 
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assemblage provides additional strong positive evidence for the correlation of this unit 
with the Etadunna Formation. 
Kutjitara Formation: (Units L to J): Disconformably overlying the Etadunna Formation are 
160 cm of interbedded, laminated, yellow-green, silty fine sand and thin clean sand beds 
(Unit L). The sediment is non-calcareous and contains occasional, discoidal, secondary 
gypsum crystals ( <lcm) usually concentrated at the top of finer textured horizons. The 
relatively high silt content of the mud (25%) suggests a fluvial origin for this sediment, with 
deposition mostly in low-energy conditions probably as channel-marginal vertical accretion 
deposits. Unit K is a thin (9cm) discrete bed of yellowish, clean, well-sorted, medium and 
fine sand which represents a brief period of higher-energy deposition, probably as channel 
sand or as a flood sand sheet. The sand is overlain by 80 ems of plane-laminated olive 
grey brown mud and sandy mud (Sub-unit J2) which are non-calcareous and contain 
discoidal, displacive secondary gypsum in sub-horizontal intergrown segregations. Mud 
becomes browner towards the top of the unit where it is overlain by 61 cm of orange-brown 
sandy mud (Sub-unit Jl). This mud is unlaminated with vertical cracks extending down 
from the surface and a blocky pedal structure in the upper part. Clay shows evidence of 
pedogenic reorganisation with the development of cutans around grains and on the surface 
of peds. Secondary gypsum occurs as occasional, isolated, displacive, discoidal crystals 
and as intergrown plates (up to 1 cm thick) filling some of the vertical cracks. Unit J 
indicates a prolonged period of fluvial deposition by vertical accretion with deposition of 
a red-brown overbank mud which shows substantial evidence of soil formation. 
The Kutjitara Formation sediments exposed in the Kutjitara West Bluff outcrop are 
predominantly low-energy deposits but about 45 m east of the Main Section there is an 
exposure of 40 m of channel deposited sand (Figure 3.31), although slumping precluded 
recognition of a channel morphology. In this section Unit J2, below the overbank mud, 
grades laterally over about 3 to 4 m to cemented buff-brown cross-laminated medium to 
fine channel sand. This channel sand is thicker than Unit J2 at the Main Section but its 
relationship to Units L and K was obscured by massive slump deposits both at the 
margins and the base of the channel. Above the channel sand there is a sharp break to a 
thickened bed of the basal Katipiri sand (Unit I). At the eastern margin of the channel, the 
Kutjitara overbank mud (Unit Jl) thins out as the overlying Katipiri basal sand thickens. It 
is not clear from the exposure whether the overbank mud was absent from the channel and 
the Katipiri basal sand thickened to infill the resultant low point or whether the lower 
Katipiri sand erosively truncates the overbank mud, fortuitously at the site of the Kutjitara 
channel. The latter explanation is preferred as the overbank mud is absent on the western 
side of the channel until a point apparently 50 m beyond the margins of the Kutjitara 
phase channel. 
At the base of the exposure in the centre of the Kutjitara phase channel there is a massive 
hard lens of celestite-cemented sand, about 8 m wide and up to 50 cm thick. The origin of 
this celestite cementation of the channel sand is not known. Celestite mineralisation is 
known from the Tirari Formation along the Warburton Creek, and it seems likely that it has 
resulted from concentration after lateral migration of strontium liberated during 
dolomitisation of primary biogenic carbonates, particularly aragonite, which can contain a 
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Figure 3.31. Stratigraphic log of the Main Section at Kutjitara West Bluff. 
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relatively high abundance of strontium. This postulation is supported by its concentration 
in the channel sand of the Kutjitara Formation rather than the finer grained vertical 
accretion deposits. The clay organisation in the underlying Etadunna Formation has 
resulted in a relatively dense impermeable matrix. Groundwater flow above this level 
would clearly have been concentrated in the channel sand of the Kutjitara formation. The 
base of the channel was obscured by slumped material but it is likely that the celestite 
cemented horizon is close to the basal levels of the channel sand. 
Underlying the Kutjitara Formation, the Etadunna surface is extremely irregular due to 
channel erosion prior to deposition of the overlying Kutjitara fluvial sediments. Prior to 
the 1990 Cooper Creek flood, the Etadunna Formation was visible at only a few sites along 
the front of the outcrop due to considerable local infill of the Cooper Creek channel. 
Substantial scouring of the modern channel, in front of the outcrop, on the outside of a 
bend, during the 1990 flood removed about 2m of sediment. The Etadunna Formation was 
exposed at the base of most of the outcrop by this scouring, allowing its upper surface to 
be surveyed. From east to west across the outcrop the Etadunna surface slopes from 
about -4.5m AHD to about -1.5 m AHD. This slope of slightly more than 1:500 is steeper 
than the present channel of the Cooper Creek but, because the morphology of the Kutjitara 
channel and flood plain is not known, it is not possible to assess the significance of this 
difference. For instance the surface of the Etadunna appears to rise almost 2m, to about -4 
m AHD, at a position between 700 and 800 m east of the downstream end of the outcrop, 
before disappearing beneath scree material upstream of this point, and reappearing at a 
similar elevation 600m east at Lake Kutjitara. It is possible that the Etadunna Formation 
surface in the outcrop represents a section across the erosional base of a Kutjitara-aged 
flood plain with two floodplain levels or terraces, one at about -4 to -5.5 m AHD and the 
other at -8.0 to -8.5 m AHD. 
Basal Katipiri Formation sediments (Units l to G): Disconformably overlying the Kutjitara 
Formation overbank mud are 62 cm of clean, well-sorted and rounded, medium and fine 
sand (Unit 13) (Plate 5.14 B). The sand is non-calcareous and has isolated discoidal 
secondary gypsum crystals. The lower portion of the sub-unit is horizontally laminated, 
and thin (up to 1 cm) discontinuous laminae of olive grey mud in the middle and upper 
portions, are severely contorted and distorted, probably by load deformation. Sub-unit 12 
consists of 31 cm of laminated, yellowish grey, fine to very fine sand and very thin sandy 
mud laminae. Lamination is horizontal and wavy in places and the sediment is non-
calcareous with isolated secondary discoidal gypsum present. The upper sub-unit (Il) 
Plate 3.14. Lower units, Kutjitara West Bluff, Cooper Creek. Capital letter labels 
indicate stratigraphic unit codes used in text and figures, lower case labels indicate 
lithological characters and features. lafs =lateral accretion fluvial sand; leg= laminated 
elastic gypsum; rg = ripple-marked gypsum. 
A. View from the foot of the cliff showing the laminated elastic gypsum unit exposed by 
modern gully erosion. A block fallen from the layer shows well-developed ripple marks. 
The laminated gypsum is overlain by the lateral accretion fluvial sand unit, mostly 
obscured by slope wash. 
B. Close view of fluvial sands of Unit I, showing well-developed cross lamination. 
Exposure is from below the laminated gypsum unit in the gully depicted in Plate 3.14 A. 
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Plate 13.14 Kutjitara West Bluff, Cooper Creek 

consists of 17 cm of white, clean, sand which is non-calcareous and lacks secondary 
gypsum. The lack of a basal gravel, or any channel fill structures, suggests that unit I was 
deposited as a channel-marginal, fluvial deposit with the upper clean sand (Sub-unit Il) 
possibly a sheet-flood sand deposit. Unit His a thin (11 cm) unit of laminated olive grey 
very fine sand and sandy silt with isolated discoidal secondary gypsum which was 
deposited by fluvial vertical accretion. Unit G is 49 cm of clean, yellow-orange flecked, 
horizontally-laminated medium sand. The sand is cemented by abundant discoidal 
incorporative secondary gypsum crystals which occur throughout, often forming intergrown 
masses. Unit G could be either fluvial or shallow water lacustrine in origin. 
The basal Katipiri sand is dominantly a low-energy deposit. To the east of the main 
section, near the Kutjitara phase channel, there is a slight thickening of the unit associated 
with apparent truncation of the underlying Kutjitara overbank mud unit (as detailed 
above), but with no apparent coarsening of the sediments or change to channel facies . At 
the far western end of the outcrop, between 75 and 110 min Figure 3.30, there is relatively 
small but well-exposed lower Katipiri channel. In this sequence (Figure 3.32) the channel 
clearly truncates the Kutjitara Overbank mud and is filled by a thickened equivalent to the 
basal Katipiri sand (Unit I3) which grades laterally, as they thicken, to a channel fill facies 
with clean trough and ripple cross-laminated medium to fine sand with abundant 
discontinuous olive grey mud drapes. The upper portion of the channel fill sequence 
contains some thin (2-3 cm) more laterally extensive mud layers. This channel when 
examined in te field was believed to be a lateral equivalent of the fluvial sequence of Units 
I to G at the main profile, but it was not possible to trace a connection across the outcrop. 
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downstream end of the Kutjitara West Bluff outcrop. 
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Katipiri Formation lacustrine sediments (Unit F): This unit consists of 49 cm of finely 
interlaminated clay and fine-grained gypsum (Plate 3.14 A). The colour of the unit is 
variable from olive-grey of the clay laminae to yellowish and rusty orange of the gypsum 
layers. The clay laminae are generally very thin (1 mm or less) and discontinuous. The 
gypsum is presumed to be prismatic primary crystals and the laminae show frequent ripple 
cross-stratification. Many gypsum layers are stained yellow orange by the presence of iron 
oxides/hydroxides in the gypsum. The unit has been affected by secondary gypsum 
crystallisation, in the form of cementation of layers (perhaps by crystal overgrowth?) and 
the growth of interconnecting fine (1-2mm) discoidal secondary gypsum crystals. In places 
this latter process may have contributed to the distortion and irregularity of the primary 
gypsum laminae. Unit F was deposited as elastically reworked gypsum evaporites, with 
periodic detrital influx, in a shallow saline lake. 
Main Katipiri Formation f!.uvial sediments (Unit E): The laminated lacustrine evaporites are 
overlain by a thick (465 cm) sequence of fluvial sand (Unit E) which forms the major 
sedimentary unit in the outcrop. This sand is very clean, well-sorted medium to fine 
quartz with sparse, thin (up to 1 cm) discontinuous grey-yellow mud layers. The unit 
contains abundant secondary gypsum which occurs as small displacive discoidal crystals 
in the mud laminae and as large incorporative isolated crystals and intergrown 
aggregations in the sand. The unit shows large scale cross lamination with the thin mud 
layers occurring at the boundaries between long continuous sand sheets, 30 to 50 cm in 
thickness, which dip down to the east at an angle of about 10°. The base of Unit Eis often 
obscured by scree, fallen and slumped from the cliff face. Occasionally, where it is 
exposed, it shows channel-related climbing ripple sequences with very well-sorted fine 
sand and abundant discontinuous thin olive-grey mud drapes (eg at 600 m. Fig 3.30). 
The lower boundary is extremely irregular with a number of channels, of variable width 
and depth, cut into the underlying units. The large scale cross set beds extend into these 
channels. This is particularly evident in the large channel west of the main section, centred 
at about 260 m in Figure 3.30. This channel is about 220 m wide (Figure 3.30) and has 
eroded down to about -7m AHD through the Kutjitara Formation overbank muds and into 
the underlying sands. The long dipping sand sheets of Unit E can be traced from the main 
profile into the sands which fill this channel. East of the main section at about 540 min 
Figure 3.30 is a smaller shallower channel which has cut through the laminated lacustrine 
gypsum, into the sands of Unit I, but does not incise the Kutjitara overbank mud unit. This 
smaller channel is also filled with Unit E sands. A wide channel at the eastern end of the 
outcrop is largely obscured by slope scree and has not been examined in detail. 
The sediments of Unit E are interpreted as lateral accretion deposits, formed by actively 
prograding point-bars. At the Main Section a point bar was prograding to the west. The 
lateral accretion sand sheets do not have internal trough cross stratification, even in the 
channels, which incise into underlying units and are clearly evident in the outcrop. 
Climbing ripple sequences occur occasionally at the base of the unit but are not particularly 
located within the channels. These channels do not have basal gravel and are filled with 
the prograding point-bar sediments. The deepest of the channels indicates incision to 
about -6.5m AHD followed by aggradation to about +3m AHD. The unit is extensively 
affected by secondary gypsum, particularly the upper part, but does not itself contain any 
primary gypsum. Therefore the gypsum must have been transported to the unit by a non-
fluvial processes (presumably aeolian) after the fluvial deposition phase, and been 
translocated into the unit pedogenically. The amount of secondary gypsum in Unit E does 
not seem to be related to the presence or absence of the overlying flu vial sequence (Units D 
and C) suggesting that the gypsum emplacement process largely preceded the later fluvial 
deposition phase. 
Upper Katipiri Formation channel sediments (Units D and C): Disconformably overlying the 
fluvial sand of Unit E are 119 cm of fluvial channel-fill sand (Unit D). This clean, fine to 
very fine, well-sorted sand is trough and ripple cross stratified with numerous thin, 
discontinuous, irregular mud drapes. Secondary gypsum occurs as isolated, discoidal, 
incorporative crystals and minor carbonate is associated with the gypsum. Overlying this 
channel fill sand is 72 cm of unlaminated chocolate brown mud (Unit C). This mud shows 
evidence of pedogenic modification including a blocky, pedal structure with clay 
organisation on ped faces and abundant dendritic secondary manganese nodules. 
Secondary gypsum occurs as isolated displacive discoidal crystals and as intergrown 
aggregations at the upper surface and in vertical cracks. Minor carbonate is associated 
with secondary gypsum especially at the upper boundary. 
In the main section Units D and C are relatively thin and occur in a higher overflow channel 
about 250 m west of a deeply incised channel filled with a thick sequence of these units 
(Fig 3.30). This channel is well exposed in the cliff section and in modern gullies which are 
deeply incised into the sequence. The Gully Section, described separately below, details 
the channel fill sequence from a gully wall exposure near the eastern margin of the channel. 
Aeolian sediments (Units Band A): Disconformably overlying the fluvial sediments are 408 
cm of fine to very fine, well-sorted, yellowish buff-brown, aeolian sand (Unit B). The basal 
100 cm (Sub-unit B6) are slightly paler, show poorly preserved horizontal lamination or 
very low angle cross-stratification and are slightly calcareous (Plate 3.17). Sub-units B2 
and B4 are similar sand which is darker in colour, unlaminated and non-calcareous. This 
sand is separated by secondary carbonate horizons characterised by diffuse whitish 
patches of fine-earth carbonate partially cementing the sand. Discrete carbonate nodules 
or rhizomes do not occur. Sub-unit BS is 32 cm thick and contains abundant carbonate 
and sub-unit B3 is thinner (14cm) and less calcareous. At the top of the sequence the sand 
of Sub-unit B2 grades into slightly cemented, redder sand of Sub-unit Bl. This sand has a 
vertical blocky structure, an irregular eroded surface and is calcareous with some small 
(0.5-1 cm diameter) discrete dense secondary carbonate segregations. 
Despite the low clay content of these sediments (2-3%) the uniform fine to very fine sand 
lithology and diffuse carbonate cementation have combined to produce badlands erosion 
of this unit, with a regular spacing of rills and gullies. The carbonate cemented sub-units 
Bl, B3, and BS are more erosion resistant and tend to form benches and steep walled 
sections of gullies. The significance of the break in deposition implied by the presence of 
two soil carbonate zones is not apparent. East of the main profile, in a number of gullies 
which incise through Unit B, aeolian sediment exposures did not indicate more than one 
aeolian phase. It seems probable that the more complex stratigraphy at the Main Section 
might represent a minor stabilisation and reactivation on the flank of dune, while 
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deposition was continuous elsewhere. This would suggest that the chronological 
significance of the stratigraphic break is minor and it has been preserved or accentuated by 
pedogenic overprinting. 
The significance of aeolian Unit A is not clear as it is not exposed in section in the river 
cliff or in any tributary gullies. On the slope behind the cliff above Unit Band at the base 
of the mobile dune crest a few small exposures of pale buff-brown sand occur on the 
surface of deflation hollows. This sand was similar in character to the aeolian sand of 
Unit B and appears to have minor in situ reddening. No other pedogenic characteristics 
were visible and the sediment was not trenched, described in detail, or sampled. The 
distribution of this unit, as shown in Figure 3.30, is hypothetical and based on the 
overlying and underlying sand units. 
3.3.4.2. Gully Section: 
The upper Katipiri channel sediments (Units D and C, in the Main Profile) are thickest in 
the deeply incised channel between 620 and 730 m in Figure 3.30 (Plate 3.15). This 
channel was incised to about -5.5m AHD then filled by an aggradational phase to about 
+4m AHD (Figure 3.30). The infill consists of a thick sequence of Units D and C. The 
channel has been deeply gullied and the Gully Profile (Fig 3.33) was described from a 
natural exposure in the vertical walls of the gully; it does not include the base of the 
channel or the top of the infill. 
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Figure 3.33. Stratigraphic log of the Gully Section, Kutjitara West Bluff 
Plate 3.15. Channel Infill unit, Kutjitara West Bluff, Cooper Creek. Capital letter labels 
indicate stratigraphic unit codes used in text and figures, lower case labels indicate 
lithological characters and features. au= aeolian unit; f =person located on outcrop, 
indicating the approximate scale. 
100% 
A View from the bed of the Cooper Creek of the mani channel incision site, showing the 
major stratigraphic units. The site of the Gully Section is marked. 
B. View from the gully mouth at the Gully Section site, showing the margin of the channel 
with channel infill sands (Unit D) disconformably overlying sands of Unit I at an angle. 
A 
Plate 3.15 Channel Infill, 
Kutjitara West Bluff, Cooper Creek 

Upper Katipiri Formation channel sediments (Units D and C): Unit D consists of more than 
300cm of clean well-sorted very fine sand. The unit is horizontally laminated at the base 
and grades through a zone of indistinct ripple lamination to a very regular sequence of well 
preserved climbing ripples in the upper 200 cm (Plate 5.16). Discontinuous, thin, yellow 
grey mud drapes are very common in the climbing ripple sequence. The sand is non-
calcareous and gypsum was not observed in the section. The sand is a channel fill deposit. 
Unit C is more complex in this thicker sequence than in the main section. Overlying the 
climbing ripple sequence are 78 cm of grey-brown and light grey, finely laminated mud and 
sandy mud (Unit C2) which mark the onset of low-energy vertical accretion deposits. The 
upper part of the profile consists of 90 cm of hard dry chocolate brown mud (Unit Cl) 
which is unlaminated and massive with frequent sub-vertical cracking producing a blocky 
structure. Clay shows evidence of secondary reorganisation in the form of skins on the 
faces of blocks and abundant dendritic nodules provide evidence of secondary manganese 
mobilisation. The mud is non-calcareous but contains abundant secondary gypsum in the 
form of isolated and rosette displacive discoidal crystals and intergrown plates in cracks. 
While only 90 cm of the unit was exposed in the vertical gully wall, the unit has a thickness 
of 3 to 4 m in the centre of the channel. It represents a prolonged period of aggradation of 
overbank mud, with frequent sub-aerial exposure and pedogenic modification of the 
sediment. 
Sub-vertical and sub-horizontal desiccation cracking produces a blocky structure (5 to 10 
cm) throughout the brown overbank mud. In addition to this larger scale disruption, the 
upper 20 to 30 cm of the mud is further disrupted by salt efflorescence where it is sub-
aerially exposed. This zone consist of a poorly sorted mixture of sand- and gravel-sized 
mud aggregates, gypsum crystals and efflorescent salts. XRD analysis of the efflorescent 
salts indicated the presence of halite and hydroglauberite [Na10Ca3(S04)3.6H20)] and 
traces of gypsum and thenardite [Na2S04]. This efflorescence has probably resulted from 
evaporation of saline groundwaters moving laterally through the sediments with flow 
preferentially concentrated in the high permeability conduit provided by the basal channel 
fill sand. The desiccation cracking in the overbank mud has allowed atmospheric access to 
the channel sand and evaporation of the ground water near the surface has produced the 
efflorescence and disrupted the sediment. At the base of the channel, near the foot of the 
cliff, an outflow of groundwater, of sufficient volume to maintain a small pool, provides 
good evidence of concentration of lateral groundwater flow in the basal channel sand. 
XRD analysis of efflorescent salts around the pool indicated the presence of halite and 
mirabilite [Na2S04.lOH20] with traces of epsomite [MgS04.7H20] and gypsum, 
suggesting a groundwater chemistry related to the salts of the efflorescence at the top of 
the channel sequence. 
3.3.4.3. Lake Kutjitara South Section 
At the eastern margin of the Kutjitara West Bluff section (Fig. 3.30), there is an exposure, 
in a relatively low cliff, on the western margin of Lake Kutjitara (Figure 3.34). The cliff 
contains stratigraphic units which can be readily correlated with the lower portion of the 
Kutjitara West Bluff outcrop. At the base of the cliff from playa floor level to -5.47 m 
AHD there are about 2 m of olive-green grey, dense, clayey sand with some matrix 
reorganisation. Very large intergrown displacive discoidal secondary gypsum forms 
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Figure 3.34. Stratigraphic section through the western margin of the southern 
end of Lake Kutjitara. Letter codes refer to equivalent stratigraphic units at 
Kutjitara West Bluff. 
polygonal patterns at the surface and extends and thins vertically down cracks. The 
lithology, colour and secondary gypsum forms correlate this unit with the Etadunna 
Formation. Disconformably overlying the Etadunna Formation are 50 cm of laminated fine 
sand and thin grey mud, with secondary gypsum, similar to the upper portion of the basal 
Katipiri Formation at Kutjitara West Bluff (Units Hand G) . At the top of the cliff is about 
100 cm of finely interbedded clay and ripple cross-laminated fine-grained gypsum, clearly 
equivalent to Unit F at Kutjitara West Bluff. The top of this cemented unit forms a cliff-
top bench at about -3.9 m AHD. Overlying the lacustrine gypsum unit is clean fine sand 
with large scale cross bedding and secondary gypsum which is identical to the main flu vial 
sand (Unit E) at Kutjitara West Bluff. Behind the bench at the top of the cliff, a deflation 
exposure surface cuts this fluvial sand, rising at a shallow angle and extending laterally for 
a few hundred metres. Bedding planes within the fluvial sand, marked by thin clay 
laminae and secondary gypsum, are evident on the surface which carries a lag of gypsum 
crystals and fossils, including diprotodon (mandible, scapula and maxilla), crocodile, 
turtle, Genyornis eggshell and unionid bivalves. 
Plate 3.16. Gully Section, Kutjitara West Bluff, Cooper Creek. Capital letter labels 
indicate stratigraphic unit codes used in text and figures. 
A. View of the Gully Section showing the climbing-ripple channel sand unit (D) and the 
base of the overlying mud-dominated unit (C). 
B. Close view of the climbing-ripple channel sands of Unit D. 
Plate 3.16· Gully Section, 
Kutjitara West Bluff, Cooper Creek 

At a low level on this deflation surface, about 30 m west of the cliff and only about 30 cm 
above the lacustrine gypsum bench level, a whole diprotodon mandible was located within 
the fluvial sand. A trench at this site, to 80 cm depth, extended well below the level of the 
top of the lacustrine gypsum unit but through continuous, soft, cross-bedded fine sand 
with some indistinct internal ripple cross-stratification in some beds. This fluvial sand 
with secondary incorporative discoidal gypsum was identical to the large scale dipping 
point bar sands of unit E at Kutjitara West Bluff. Although not obvious on the surface 
there must be a channel cut through the lacustrine gypsum unit with its margin between the 
pit and the cliff exposure. It is possible that this is the eastern margin of the large channel 
of equivalent age with its western margin at about 920 m in the Kutjitara West Bluff 
outcrop (Figure 3.30). However, lack of exposure between these points precludes 
determination of this possibility. 
3.3.4.4. Wombat Site: 
At about 800 m in Figure 3.30, behind the cliff line at Kutjitara West Bluff, deflation has 
eroded the aeolian unit to a level about 1 m above the underlying secondary-gypsum-rich 
fluvial sands. At this site an in situ wombat mandible with degraded teeth occurred in 
greenish yellow-buff fine sand with secondary carbonate (Fig. 3.35). Genyornis eggshell 
was very common on the deflated aeolian sediment surface. The cemented, structured, 
redder cap of the aeolian unit (Sun-unit Bl, in the Main Profile) is present in erosion 
residuals at this site and occurs about 1.5 m above the carbonate-rich level which contains 
the wombat. There is no indication at this site of multiple aeolian units, only one 
secondary carbonate layer is present. 
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Figure 3.35. Stratigraphy of the Wombat Site, Kutjitara West Bluff. 
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3.3.4.5. Chronology of the Kutjitara West Bluff site: 
Chronology for the Kutjitara West Bluff section is provided by 8 OSL dates, 11 AAR 
analyses on bird eggshell, 2 TIMS U-series dates on Genyornis eggshell, 2 radiometric U-
series dates on U-series dates on Diprotodon tooth enamel, and 2 AMS 14C dates on emu 
eggshell. 
The Etadunna Formation has been identified as such from its lithology and its smectite 
dominated mineralogy with the possible presence of palygorskite. The Kutjitara Formation 
at Kutjitara West Bluff was originally recognised by the distinctive red-brown overbank 
mud (Sub-unit Jl) which is identical to the overbank mud of Lake Kutjitara North (Unit G) 
and Pink Pool Bend (Unit H). This correlation was confirmed when the OSL sample from 
the underlying was found to be saturated, despite the dose rate being particularly low; an 
age estimate of >350 ka was obtained. This is in good agreement with TL ages from the 
Kutjitara Formation of >440 ka (W 809) and >320 ka (W 810) from Lennys Island, Lake 
Hydra (Section 3.2.1) and >290 ka (W 811) from Eli Hartig Waterhole upstream of Pink 
Pool Bend, which were reported by Callen and Wells (1992). 
The OSL age of 224.5 ± 27 ka from the basal Katipiri channel at the western margin of the 
outcrop, indicates that the channel is much older than the anticipated stage 5 age. The 
stage 7 age obtained, indicates the limited presence at the site, of stage-7-aged Katipiri 
Formation fluvial sediments, as previously reported by Callen and Nanson (1992) from 
sites upstream on the Cooper. 
The OSL age, from basal Katipiri Formation fluvial sediment (Unit I) underlying the 
lacustrine unit (F), of 121.7 ± 9.0 ka indicates deposition in the early part of Stage 5. OSL 
ages of 105.1 ± 9.5 ka and 95.5 ± 6.0 ka for the main fluvial lateral accretion unit (E) 
indicate deposition slightly later in stage 5. Table 3.3 lists nine TL ages from fluvial 
sediments of the Katipiri Formation form sites on the Lower Cooper and Warburton 
Creeks from Callen and Nanson (1992) and Nanson (Pers. comm.). These ages indicate a 
similar stage 5 age for the major phase of sedimentation of the Katipiri Formation. OSL 
ages of 76.4 ± 5.6 ka and 67.5 ± 6.0 ka indicate that the final Katipiri depositional phase 
occurred at about the time of the Stage 5 - Stage 4 boundary. This age is supported by TL 
ages (Nanson, pers comm) from an identical stratigraphic setting at Punkrakadarinna 
Waterhole on the Warburton Creek (See Section 4.1.5.3). 
The largest suite of chronological analyses are from the upper aeolian sediments, 
particularly Unit B, but provide some inconsistencies. Eleven AAR analyses, two U-series 
dates and one AMS 14C date suggest that deposition of Unit B occurred between 50 and 
Plate 3.17. Main Section aeolian unit, Kutjitara West Bluff, Cooper Creek. Capital letter 
labels indicate stratigraphic unit codes used in text and figures . 
View of the aeolian unit, from the top of the fluvial sequence at the Main Section, showing 
the badlands type of gullying. The benches marked by Sub-units B3 and BS are due to 
minor secondary carbonate development. Circular holes in units are OSL sample sites. 
Plate 3.17. Main Section, 
Kutjitara West Bluff, Cooper Creek 

60 ka. However, an OSL date from the unit was 33.9 ± 2.1 and while it is perhaps 
premature to place emphasis on a single date two additional points should be noted. 
Firstly, identical results for the palaeodose for this sample were obtained by the standard 
ANU LOL method as well as by a single aliquot method at CSIRO, Canberra, suggesting 
that any problems with the date lie in the dose rate determination. Secondly, Callen and 
Nanson (1992) report a TL date of 32.5 ± 3 ka from the base of an aeolian unit overlying 
the Katipiri Formation at Cuttupirra Waterhole upstream on Cooper Creek. Although this 
site has not been examined, the description sounds remarkably similar to that of Unit Bat 
Kutjitara West Bluff. 
The AMS 14C date of 24,835 ± 240 BP (AA 17276) suggests that the aeolian deposition 
represented by Unit A occurred in stage 2 
3.3.4.6. Palaeoenvironmental summary of the Kutjitara West Bluff site 
At some time, prior to 350 ka and probably prior to 440 ka, the depo-centre in the basin 
was low or dry, presumably in response to a relatively dry climate, and the palaeo-Cooper 
Creek incised into the Etadunna Formation to at least -8.5 m AHO at Kutjitara West Bluff, 
in response to the lowering of base level. Following the incision phase, aggradation of 
Kutjitara fluvial sediments began with deposition of channel-marginal sands and flood 
sheet sands with an absence, at the site, of high energy fluvial or lacustrine deposits. 
Eventually, a massive overbank mud unit, with abundant signs of pedogenesis and sub-
aerial exposure was deposited, indicating the existence, prior to 350 ka, of a wide low 
gradient flood plain. The lateral extent of this flood plain is demonstrated by the 
occurrence of the same unit, at similar elevation, at Pink Pool Bend and Lake Kutjitara 
North (Section 3.3.3). Evidence for conditions at the site following this flood plain event 
are not preserved. A relatively thick sequence of Kutjitara Formation fluvial sediments, 
capped by a well developed secondary gypsum profile, overlie the overbank mud unit at 
Pink Pool Bend and Lake Kutjitara North and probably also occurred at Kutjitara West 
Bluff but have been removed by subsequent erosion. 
Erosion certainly occurred prior to stage 7, probably again caused by stream incision due 
to base level lowering, and reached at least -6 m AHO. A fluvial aggradation phase 
occurred in Stage 7 but is very rarely preserved, and has only been recognised in a minor 
channel, which incises through the main Kutjitara Formation overbank mud unit at the 
downstream end of the outcrop. If sediments from stage 7 depositional events were more 
widespread at the site, they have been substantially removed by subsequent erosion, 
presumably during stage 6. Stream incision to a depth of at least - 5 to -6 m AHO, 
occurred at Kutjitara West Bluff during this stage 6 erosion phase. 
Early in stage 5 fluvial aggradation recommenced in the palaeo-Cooper valley and channel 
marginal and flood sheet sands were deposited at Kutjitara West Bluff. High-energy 
channel deposits from this phase are not preserved at the site indicating that it was 
marginal to the deepest valley incision during stage 6 and that contemporaneous channel 
sediments, which are topographically lower, are likely to occur nearby. At Kutjitara West 
Bluff, the basal stage 5 fluvial sediments grade into laminated olive-gray clay and 
structureless sand, disrupted by secondary gypsum, which are probably lacustrine in 
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origin. These lake sediments are overlain by a massive 0.5 m thick bed of interlaminated 
elastic primary gypsum and clay. This primary-gypsum-rich unit is ripple cross laminated 
throughout and represents deposition in a shallow lake with a salinity which oscillated 
above and below gypsum saturation in association with regular detrital input. The unit 
has been affected by secondary gypsum precipitation, as interconnecting discoidal crystals 
and perhaps as overgrowths on original prismatic crystals, which has helped cement the 
layer. It is not clear if this secondary gypsum precipitation was an early, prolonged or 
late-occurring event. If additional lacustrine sediment was deposited at the site after the 
elastic gypsum unit, it has been removed by subsequent erosion. 
OSL ages indicate that deposition of the lacustrine sediments at Kutjitara West Bluff 
occurred shortly after 121.7 ± 9 ka and this was followed by a drying event in the lake 
prior to 105 ± 9.5 ka. Incision, due to lowered base level during this dry phase, occurred to 
at least -7 m AHD at the site, and cut a number of channels through the cemented gypsum 
layer and the underlying Kutjitara Formation main overbank mud unit. Away from these 
channels, incision only occurred to the top of the hard cemented elastic gypsum unit. 
Pluvial aggradation then recommenced just prior to 105 ± 9.5 ka and continued for about 
10 ka, depositing a 4 to 5 m thickness of lateral accretion point-bar sediments, which form 
the major unit in the cliff exposure. Following this aggradation phase, sometime after 95 ± 
6.0 ka, the lake dried and incision, to at least -5.5 m AHD, occurred at the site. This 
drying event in the lake was clearly associated with playa-deflation processes, in the 
region, and a substantial amount of gypsum was transported to the site from that 
deflation source, by aeolian processes. The lateral-accretion fluvial-sand unit, which 
contains negligible quantities of primary gypsum, has abundant large isolated and 
intergrown incorporative discoidal secondary gypsum crystals, which have precipitated 
throughout the unit after pedogenic translocation of post-depositional aeolian gypsum 
accession. The distribution and character of_ the secondary gypsum is not related to the 
nature or thickness of overlying units, which suggests that the aeolian deposition of the 
gypsum, and its pedogenic translocation, occurred soon after deposition of the fluvial 
sediment, and before emplacement of the overlying younger stratigraphic units. 
Aggradation of climbing-ripple sand units in the incised channels, occurred in the 76.4 ± 
5.6 to 67.5 ± 6.0 ka time range, followed by deposition of a thick chocolate brown 
overbank mud unit which fills the upper part of the channel. This aggradation phase was 
followed by another playa-deflationary phase in the region as the channel fill sediments 
also contain secondary gypsum, which must have been brought to the site by aeolian 
processes. The gypsum impregnates the upper part of the overbank mud unit, but has been 
prevented from penetrating into the underlying channel-fill sands, by the impermeable 
nature of the thick mud unit. The playa deflationary phase, which produced the gypsum 
that postdates deposition of the channel fill sequence, is probably related to the reduction 
of base level which led to the incision of the present Cooper Creek valley, as no sediments 
are preserved in the cliff sequence, which indicate fluvial erosional or depositional events 
younger than the channel-fill phase. 
Deposition at Kutjitara West Bluff, following aeolian accession and pedogenic mobilisation 
of gypsum in the channel fill sands, is restricted to aeolian sediments. Aeolian sands at 
the Main Profile, with secondary carbonate horizons, appear to have been deposited 
around 33.9 ± 2.1 ka. At other locations, particularly behind the cliff face, abundant AAR 
results on Genyornis eggshell (supported by two U-series ages) suggest deposition between 
50 and 60 ka. These sites, which have not been examined in as much stratigraphic detail 
as the main section aeolian sediment, suggest a complex stratigraphy of aeolian units 
occurs at the site. Younger aeolian deposition also occurs, with a unit dated by AMS 14C 
on emu eggshell, to stage 2 close to the time of the glacial maximum. 
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Chapter 4 SOUTHERN SIMPSON DESERT SEQUENCE 
4.1. LOOKOUT LOCALITY: 
Downstream of Goyders Lagoo~, the Warburton Creek valley follows a relatively straight 
course in a south-westerly direction with a number of diverging anabranches and 
distributaries including the Kallakoopah Creek. The valley becomes more confined after 
entering the dunefield in the Cowarie-Kalamurina area. Downstream from Old Kalamurina 
the course to Lake Eyre narrows further and becomes incised with a number of alternating 
northwest and southwest reaches. The first long northwesterly aligned reach is the 
narrowest section of the Lower Warburton valley and is deeply incised into the Tirari 
Formation which forms prominent cliffs especially on the western margin of the valley. At 
the upstream end of this reach, in the vicinity of Old Kalamurina, the valley is confined 
between source-bordering dunes at the northern margin of the floodplain and along the 
northern edge of an inter-dune lake complex on the southern side of the floodplain (Fig. 
4.1). In this confined section, three broad loops of the river channel intersect the northern 
edge of the flood plain where river cliffs up to 20 metres expose Etadunna Formation 
overlain by Katipiri Formation fluvial sediments and a thick sequence of source-bordering 
dune deposits. 
The Lookout Locality is at the most westerly or downstream of the large meander loops 
near Old Kalamurina (Fig 4.1) and was initially visited and described by a number of 
palaeontological expeditions . (Tedford and Wells, 1990), and has also been briefly 
described by Wopfner and Twidale (1967, 1988, 1992). The outcrop does not contain late 
Pleistocene lacustrine sediment and was not examined in detail during this study. 
However, because of its importance as a site studied by previous workers it was visited 
jointly with Dr G Nanson and Dr S Short and a number of TL and U /Th dating samples 
obtained at the Lookout Main Site (Fig 4.2). These samples were processed at Wollongong 
University TL Laboratory and the Australian Nuclear Science and Technology 
Organisation (ANSTO) Environmental Radiochemistry Laboratory. Subsequently, minor 
cliff erosion during the 1991 Warburton Creek flood freshly exposed an intraformational 
Katipiri channel about 600 m upstream from the Main Site, which included Diprotodon 
bone material. As the location and context matched the site description of the Diprotodon 
bone 14c dated by Wopfner and Twidale (1988) the section was examined in some detail 
and an OSL sample taken from the basal sands adjacent to the Diprotodon mandible. 
Sections at the Lookout Locality were levelled as part of a surveying transect which began 
at bench mark BM 4215 on the flood plain (Fig 4.1) and passed through the OKA 2 and 
Toolapinna sites before terminating at the Lookout Locality. The transect was partially 
closed by the inclusion of a seismic line Permanent Mark (86 ACF 758) near the 
Poonarunna No 1 Bore drain, between Toolapinna and the Lookout Locality. 
The outcrop (Fig 4.2) extends for about 1200 m and is dominated by the source-bordering 
dune sediments which extend along the entire cliff at an elevation of 15 to 16 m AHD and 
rise to higher levels behind the cliff face (Plate 4.1). In the interval between 150 and 550 m 
from the downstream end of the outcrop (Fig 4.2), two flat-floored valleys are eroded into 
the source-bordering dune unit separated by a large prominent residual which presumably 
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is the origin of the name of the locality. These valleys are due to gully excavation of swales 
between minor flanking dunes perpendicular to the main source-bordering dune. The 
erosion has excavated down to the secondary gypsum cemented top of the fluvial unit 
where lateral widening has formed the wide flat floored valleys. Erosion residuals on the 
margins of these valleys preserve portions of the pedogenic zone at the top of the source-
bordering dune unit thus indicating the shape of the original dune swale (Fig 4.2; Plate 4.3 
A). Subsequently, gullies lateral to the Warburton channel have cut through the secondary 
gypsum zone and incised deeply into the fluvial sediments. 
Downstream from the Lookout Locality there are extensive outcrops of Tirari Formation. 
At Toolapinna where the Warburton channel lies close to the western margin of the valley 
there are high sheer cliffs with the top of the Tirari Formation at 13.65 m AHD. Opposite 
Toolapinna, away from the active channel, the margins of the valley are marked by an 
extensive dissected outcrop of Tirari Formation with low subdued cliffs and numerous 
gullies. At its upstream end this Tirari Formation outcrop passes under the margins of the 
source-bordering dune unit which thickens towards the Lookout Locality cliffs. 
4.1.1 Main Site 
The Main Site is located near the downstream end of the outcrop and incudes exposures in 
the walls of a major gully lateral to the Warburton and the source-bordering dune unit at 
the margin of the associated wide valley. The gully forms an extensive dendritic network 
extending some hundreds of metres from the Warburton channel bank and provides an 
excellent three-dimensional window into the stratigraphy. The stratigraphy is extremely 
complex with bright red-brown highly gypseous sandy clay, which is apparently Tirari 
Formation, appearing in some gully sections but not apparent in the channel bank 
exposures. A number of intraformational channels and disconformities were observed in 
the Katipiri Formation fluvial unit and while the stratigraphy is not illustrated or described 
in detail the relationship of dated samples to such features is indicated in Figure 4.3. A 
general outline of the stratigraphic units, from base to top, of the site, as illustrated in 
Figure 4.3, is as follows : 
Plate 4.1. Lookout Site, Warburton Creek. 
A. Low level aerial oblique of the Lookout Site showing the location of the Main Section 
(a) and a prominent erosion residual of aeolian sediment (a), upstream of the Main Section 
from which the site is named. Deep gullies between the main section and the 'lookout' 
residual are incised into the fluvial sequence (Fig 4.3, 4.4). Intense gullying pattern at the 
rear of the site, behind the 'lookout' residual is badlands weathering of the upper clay-rich 
aeolian unit. 
B. Ground view taken from the top of the aeolian unit at the main section, looking 
upstream, beyond the 'lookout' residual (b). In the foreground is the deep gully, incised 
into fluvial sediments, which appears on Figures 4.3 and 4.4. In the background, close to 
the upstream end of the exposure, the approximate position of the Diprotodon Site is 
marked. 
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Plate 4.1. Lookout Site, Warburton Creek 
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MetresAHD 
LOOKOUT SITE 
MAIN SECTION 
N 
16 
14 
12 
10 
8 
6 
4 
2 
0 
-2 
s 
Q Sand 
Sandy clay 
Laminated sandy clay 
Laminated aeolian sand 
and clay (lunette) 
mm Cemented gypsum hard pan 
s TL sample 
n U /Th sample 
* AAR sample 
Warburton Creek 
Unlaminated orange-brown 
pedogenic zone with sub-vertical 
cracks and blocky structure 
Sub-horizontally laminated well 
sorted gypseous quartz sand (in 
beds 10-20 cm thick) and more 
resistant brown clay-rich 
laminae (beds 1-4 cm thick). 
Extensive badlands weathering. 
W 961: 19 ± 1.4 Ka 
Gypcrete: Uffh: <5.2 Ka (LH 1230) 
7.4 Ka (LH 1231) 
Diprotodon cortical bone: 
U/Th: 260 :;;Ka (LH 1030) 
40 60 80 
Fig. 4.3. Cross section through the Main Section at the Lookout Site. 
w 963: 
100 
Metres 
Basal Etadunna Formation sandy clay: At the base of the sequence, 1-1.5 m above river 
level, is an unlaminated, massive, dark brownish gray green sandy clay with occasional 
yellowish brown iron oxide/hydroxide stains. The unit occurs at the break in slope at the 
base of the cliff and is mostly obscured by slopewash and sediment from the modern 
channel. At the Main Site this unit is capped by a massive sheet of alabastrine gypsum up 
to 5 cm in thickness; which forms a hard carapace at the top of the unit and incision of 
both the modern erosion gully and intraformational channels within the Katipiri Formation 
is constrained at that level. The unit was ascribed to the Etadunna Formation by Tedford 
and Wells (1990) following relationships established during earlier palaeontological 
expeditions dating back to the 1950's (Stirton et al., 1961), although no clear lithological or 
palaeontological reasons for this attribution are provided. The colour, lithology and 
massive gypsum layer at the upper surface are similar to the characteristics of the 
Etadunna Formation in the vicinity of Lake Kutjitara on the lower Cooper Creek. Wopfner 
and Twidale (1967) report a sparse foraminiferal assemblage including Bolivina rugosa, 
Discorbis sp., Cibicides cf. refulgens, Cibicides sp., Cassidulina laevigata apparently from this 
unit which they later (1992) describe as characteristically Pleistocene. 
Katipiri Formation fl.uvial sediments: The fll:lvial sequence in the cliff face consists of about 
7 m of interbedded laminated clean sands and clayey sands, brown and grey-brown sandy 
clays and thick beds of clean yellowish iron-stained sands showing large scale cross 
bedding. Individual sedimentary units could not be traced to exposures in the gully walls 
behind the outcrop, even as close as 30 m . Also in the gully, a thick sequence of clean, 
white, well-sorted quartz sand with large scale cross lamination above the level of the 
gypsum hardpan indicates a well-developed intraformational channel In situ mineralised 
megafauna bones were located in both the cliff face and in a gully wall, in association with 
a coquina. A larger exposure of similar shell material was located in the cliff face possibly 
associated with an intra-formational channel. This sandy coquina was situated low in the 
cliff face about 70 metres upstream from the Main Site section, near where the gully enters 
the Warburton channel. The shells occurred in a uniform sand unit, much thicker than any 
sand layers at that level at the Main Site section, strongly suggesting that the coquina is in 
a younger channel-infill unit. The coquina consisted dominantly of a small bivalve (up to 
lcm) believed to be Corbiculina sp and a large flattish gastropod (up to 3 cm). Fragmented 
unionids and small ornamented gastropods also occurred rarely. Wopfner and Twidale 
(1992) reported identification by N. Ludbrook of Corbiculina desolata and the gastropods 
Notopala (Centropala) lirata and Plotiopsis centralia apparently from the same location. The 
unit contains abundant secondary gypsum in the form of large discoidal crystals which are 
commonly incorporative in sand sediments and form intergrown nodules. Secondary 
gypsum is sufficiently abundant in the upper horizon to cement the unit and form a 
conspicuous sub-horizontal bench behind the cliff. 
Sediments of this sequence are interpreted as fluvial deposits dominated by higher energy 
channel and lateral accretion sand deposits with less common thinner lower-energy and 
overbank mud layers. The depositional conditions which result in the shell accumulation 
of the coquina layer are not clear although the grainsize suggests an association with 
channel environments. Similar shell concentrations have been observed associated with 
older fluvial deposits adjacent to the Kallakoopah Creek. 
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Source-bordering aeolian unit: Overlying the Katipiri is a thick layer (up to 9-lOm) of 
source-bordering dune or lunette which in places is deeply dissected by badlands and gully 
erosion. Sub-horizontally laminated yellow well-sorted quartz sands with seed gypsum 
and clay pellets in beds 10-20cm thick are separated by thinner, more resistant, brown 
clay-rich laminae 1-4cm thick (Plate 4.2.A). A weak calcareous soil is evident in the upper 
portion of the unit, where preserved. The unit contains more gypsum and pelletal clay 
than the source-bordering aeolian unit at Punkrakadarinna downstream which probably 
reflects the influence at the Lookout of a relatively large lake floor upwind on the southern 
margin of the flood plain. The unit is barren of both animal remains and archaeological 
materials, consistent with an origin as a lunette adjacent to a seasonally efflorescing flood 
plain or lake-floor salt flat. 
4.1.2 Diprotodon Site: 
The Diprotodon Site is located about 600 m upstream from the Main Site where a pair of 
extremely large Diprotodon scapulae were found on the bed of the Warburton at the base of 
the cliff when I first visited the site in 1988. Subsequently, minor cliff erosion during the 
1991 Warburton Creek flood produced a fresh exposure at this site revealing an 
intraformational Katipiri channel and additional Diprotodon material including vertebrae 
and a mandible with teeth were found in a bone-rich basal gravel in the Katipiri channel. 
The evidence suggested that at least a substantial portion of a whole Diprotodon skeleton 
existed at the site and was gradually being eroded out as the modern channel cut into the 
bank. As the location and context matched the site description of the Diprotodon bone 
14c dated by Wopfner and Twidale (1988), it seemed a distinct possibility that it was the 
same specimen. As this 14c date has been the origin of considerable controversy (Callen 
and Nanson, 1992; Wopfner and Twidale, 1992; see discussion in Section 4.1.3 below) an 
OSL sample was taken from the basal sands adjacent to the Diprotodon mandible. Only 
the lower portion of the fluvial section was examined in detail (Fig 4.4; Plate 4.2 B) and the 
units are described from base to top. 
Etadunna Formation sandy clay (Unit G): At the base of the sequence, below -2.17 m AHD, 
is dark greenish gray brown sandy clay. The sand is dominantly fine quartz which occurs 
embedded in a massive matrix of clay. The unit is non-calcareous and non gypseous and 
has fine root channels, some with yellow iron staining, and small dendritic manganese 
nodules. This unit is very similar to the basal unit at the main section and is similarly 
ascribed to the Etadunna Formation. Although at the Diprotodon Site there is no gypsum 
hard pan at the top of the unit, the presence of silcrete rubble on the floor of the channel is 
strong support for the presence of Etadunna Formation at the site. 
Plate 4.2. Lookout Site, Warburton Creek. Capital letter labels indicate stratigraphic unit 
codes used in text and figures, lower case labels indicate lithological characters and 
features. s = soil surface. 
A. View from the top of the fluvial sediment sequence at the Main Section, looking at the 
extensive badlands erosion in the aeolian unit. Distinct horizontal layering is evident with 
more clay-rich horizons slightly more resistant to erosion. The small remnants of soil 
surface indicate the former dune morphology. 
B. View of the Diprotodon Site with the white gamma spectrometer detector located in 
the sample site for the OSL sample, in a basal channel deposit which contained abundant 
diprotodon bones. 
Plate 4.2. 
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Warburton Creek 
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sorted gypseous quartz sand (in 
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laminae (beds 1-4 cm thick). 
B 
Extensive badlands weathering. 
Yellowish clean medium sand with abundant secondary discoidal 
incorporative gypsum 
Yellowish clean medium sand with large scale 
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F-;:~~~~H C Light gray indistinctly laminated clay, massive with yellow orange iron stained root channels 
D Clean white medium to coarse sands, cross laminated with green gray mud drapes 
~~~~.,..,...,":!< :-:.·: =:.·:;:-~~:· :._.:~~Dull yellow orange coarse to very coarse sand with gravel sized grey brown clay clasts and bone 
-l · <<< :.-.>11 OSL: 96.3±12.5 ka 
. . . . . . . . . . . . . 14 
-2 
-3 
-4 
· ·; :·; :·; :·; :·; :· ; Diprotodon bone: C: 24.1 ± 1.6 Ka ( GX 1872) 
. . . : . : . : . : . : F Whitish gray fine sand with thin medium to coarse sand lenses in upper part 
G Dark greenish gray brown clayey sand with brown iron stains 
Oligo-Miocene Etadunna Formation? 
Silcrete rubble 
Warburton Creek level 
Fig. 4.4. Log of the stratigraphic profile at the Diprotodon Site. 
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Fine sand (Unit F): Overlying the Etadunna Formation the base of the Quaternary 
sequence consists of 118 cm of hard, light gray, fine and very fine well sorted and rounded 
sand. A small amount of clay occurs as a discontinuous matrix and the unit is non-
calcareous and non-gypseous. Thin discontinuous lenses of white medium to coarse sand 
occur at the top of the unit. The unit is massive with no lamination or other sedimentary 
structures. The sediment was most probably deposited in a fluvial environment with 
sufficient post-depositional modification to remove any traces of lamination. 
Fluvial channel basal coarse sand and gravel (Unit E): Abruptly overlying the fine sands of 
Unit F are 12 cm of dull yellow orange, coarse and very coarse sand. The sand is 
dominantly well rounded and sorted quartz but also contains abundant, rounded, gray 
brown clay or mud clasts, many of gravel size. The yellowish colour is due to diffuse 
secondary iron oxide/hydroxide segregations which are occasionally dense enough to 
impart a dull brown colour. Bone fragments, including Diprotodon vertebrae and mandible, 
occur in abundance as suggested by limited excavation into the cliff face. Very rare white 
detrital carbonate grains occur (probably reworked Etadunna Formation dolomite grains) 
and secondary gypsum occurs as intergrown masses of large incorporative discoidal 
crystals . This gravel and coarse sand unit is a high-energy basal channel deposit with clay 
intraclasts the dominant source of gravel sized clasts. The abundance of Diprotodon bones, 
which are not articulated but from their size are likely to be from the same individual 
animal, suggests that an entire animal died in or very close to the river early in the active 
phase of this channel. Aggradation of the fluvial sediments buried the bones before they 
were separated by fluvial transport or other means . Post-depositional movement of 
groundwater, preferentially concentrated in the coarse basal zone of the channel-fill 
sequence, has resulted in deposition of secondary gypsum and iron oxide/hydroxide 
segregations. 
Fluvial channel-fill sequence (Units B, C and D): Above the basal channel gravel unit is a 
fluvial channel-fill sequence and lateral accretion deposit. Unit D consists of 44 cm of 
clean white medium to coarse sands with large scale cross-lamination with thin greenish 
gray mud drapes on the upper surfaces of bed sets. This is overlain by 15 cm (Unit C) of 
light gray, mostly massive clay or mud with some indistinct lamination marked by very fine 
laminae of very fine sands which have some yellowish secondary iron oxide/hydroxide 
staining. Both Units D and C are non-calcareous and non-gypseous. This is overlain by 
556 cm (Unit B) of clean, pale yellowish sand which is well sorted and rounded and the 
texture is medium to coarse sand at the base fining to medium sand in the middle and 
upper portions of the unit. Large scale cross stratification occurs in the lower and middle 
parts of the unit but is indistinct at the top where abundant secondary gypsum occurs. 
The gypsum occurs as discrete and intergrown discoidal incorporative crystals which 
increase upwards in abundance from the middle of the unit. The upper portion of this unit 
at the Diprotodon Site was largely obscured by sediment slumped from above and was not 
examined in detail. These units are believed to represent fluvial deposition, mostly in high-
energy channel environments. Unit C represents a relatively brief interval of quiet-water 
deposition as the channel became inactive and within-valley lacustrine deposition (ox-bow 
lake or billabong) occurred. The thick, coarsely cross-laminated sands of Unit Bare lateral 
accretion sediments deposited in an active point bar of a meandering stream. 
Source-bordering aeolian unit: Overlying the fluvial sand is up to lOm of aeolian sand 
which is largely obscured by slumped sediment and was not examined in detail. The unit 
appears to be identical to the source-bordering sands at the Main Site consisting of sub-
horizontally laminated yellow well-sorted quartz sands with seed gypsum and clay pellets 
interbedded with thinner, more clay-rich laminae and a weakly developed soil is evident in 
the upper portion of the unit. 
4.1.3 Chronology of the Lookout Locality 
4.1.3.1 Putative Etadunna Formation: 
As described above (Section 4.1.1) Wopfner and Twidale (1967) report a sparse 
foraminiferal assemblage from a basal green clay unit at the Lookout Locality, at a level 
apparently attributed to the Etadunna Formation by other workers (Tedford and Wells, 
1990). Wopfner and Twidale (1967) comment that the presence of foraminifera indicates 
non-marine saline water conditions in this sequence, the age of which they attribute to the 
Pleistocene on the basis of the presence of Diprotodon fossils about 6 m above the 
foraminifera occurrence. In later publications (eg Wopfner and Twidale, 1988; Twidale 
and Wopfner, 1990; Wopfner and Twidale, 1992) they specifically refer to the 
foraminiferal assemblage as characteristically Pleistocene but no additional 
biostratigraphic justification for this attribution is provided. Foraminifera have been 
reported from the lower part of the Etadunna Formation at Lake Palankarinna 
(Woodburne et al., 1993), from the basal Etadunna Formation in the subsurface 
stratigraphy of Madigan Gulf (Bore 20, Johns and Ludbrook, 1963) and from Quaternary 
(stage 5) sediments of Lake Eyre (De Deckker and Warren, pers comm 1997); the reported 
assemblages are listed in Table 4.1 and compared with that reported by Wopfner and 
Twidale (1967) . 
Basal green clays Stage 5 Quaternary Basal Etadunna Fm Lower Etadunna Fm 
Lookout Locality lacustrine sediments, Madigan Gulf Lake Palankarinna 
Wopfner & Twidale Lake Eyre. Johns & Ludbrook Woodburne et al. 
(1967) De Deckker & Warren (1963) (1993) 
(pers comm, 1997) 
Bolivina rugosa Ammonia beccarii Triloculina tricarinata Buliminoides cf. 
Discorbis sp. Elphidium sp . Miliolidae sp. chattonensis 
Cibicides cf refulgens Elphidium advenum 
Cibicides sp. var depressulum 
Cassidulina laevi~ata Unidentified species 
Table 4.1 Foraminiferal assemblages reported from the Lake Eyre region. 
Citing the work of Lindsay (1987) Woodburne et al. (1993) suggest that B. chattonensis is a 
form which is found in the upper Oligocene elsewhere and the monospecific multi-age class 
assemblage represents a living population and therefore indicates an upper Oligocene age 
for the lower Etadunna Formation. None of the other assemblages listed in Table 4.1 have 
been referred to specific biostratigraphic zones of known age and the lack of common 
elements in any of the assemblages precludes correlation or relative age comparisons. The 
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attribution of the Lookout Locality assemblage as characteristically Pleistocene by 
Wopfner and Twidale seems difficult to support. De Deckker (pers comm, 1997) reports 
that C. laevigata is a species which is found in deep-water marine environments and is 
most unlikely to be successfully translocated to a lacustrine setting. Additionally, the 
assemblage includes only two specimens' of C. laevigata and only one specimen of the other 
three species. Unless multiple specimens occur, including different age classes, as 
reported for B. chattonensis at Lake Palankarinna by Woodburne et al. (1993), the presence 
of a living population cannot be assumed with certainty. There is a strong possibility that 
the Lookout Locality assemblage contains specimens reworked from other units (De 
Deckker, pers comm) and cannot be relied on for age attribution. 
The lithology and compaction of the unit are distinct from the overlying Quaternary flu vial 
sediments and the thick gypsum hardpan in between the two, at the Main Section, suggests 
a major disconformity. Accordingly, the Pleistocene age for the unit suggested by Wopfner 
and Twidale (1967) is rejected and attribution of the unit to the Etadunna Formation 
(Tedford and Wells, 1990) is accepted as more likely. The occurrence of similar lithology 
and gypsum hard pan in Etadunna Formation outcrops along Cooper Creek provides 
strong support for this suggestion. 
4.1.3.2 Chronology of Quaternary units: 
TL dates of >323 44 ka (W 964) and > 137 15 ka (W 963) from the Main Site indicate 
that pre-stage 5 fluvial sediments occur in the basal portion of both the cliff face and gully 
stratigraphy and the radiometric U /Th date of 260 +26 I -22 ka (LH 1030) from 
Diprotodon cortical bone from the same location as W 963 provides additional support. 
These older Quaternary fluvial sediments are incised or overlain by younger channel sands 
and lateral accretion deposits with TL dates of 103 11 ka (W960) and 90 9.3 ka 
(W962) and a radiometric U /Th date of 102 8 ka (LH 1036) which indicate deposition 
in isotope stage 5, probably after sub-stage Se. The AAR analyses from unionids (D /L: 
1.026 0.062) and Corbiculina (D/L: 0.716 0.044) from the cliff face coquina suggest that 
the channel containing the coquina is of similar stage 5 age. However, the radiometric 
U /Th date of 164+161-14 ka (LH 1029) from the unionids suggests an older age for the 
channel. Too little is known about the reliability of AAR and U /Th techniques on these 
species to decide which possibility provides the best age estimate. The OSL age of 96.3 
12.5 from the basal channel gravel of the large channel at the Diprotodon Site indicates 
that this sequence is also stage 5 in age. The radiometric U /Th ages of <5.2 ka (LH 1230), 
<7.4 ka (LH 1231) and 2.6 +0.6 I -0.4 (LH 1238) from secondary gypsum near the top of 
the fluvial sequence are much younger than the expected age and clearly indicate the 
unsuitability of gypsum for this technique. 
The TL date of 19 1.4 ka (W 961) from the base of the thick source-bordering dune unit 
indicates deposition of those sediments commenced during isotope stage 2, close to the 
last glacial maximum. The lack of any pedogenic or erosional discontinuities in the aeolian 
sediments suggests continual and probably rapid deposition of that unit. The secondary 
gypsum developed in the fluvial sequence must be younger than the youngest age of the 
fluvial sediments and older that the date of onset of the source-bordering dune sediments, 
i.e. between about 90 and 20 ka. 
4.1.3.3 Diprotodon bone radiocarbon date of W opfner and Twidale: 
Wopfner and Twidale (1967) proposed gypsite as a morphostratigraphic term for a 
widespread weather~ng profile 'which is characterised by a surface gypsum crust and is 
associated with an extensive Pleistocene land surface. They included the sediments below 
the aeolian units at the Lookout Locality as part of the Pleistocene gypsiferous sediments 
on which the gypsite profile is developed (their section 4, N.E. of old Callamurinna H.S., 
Figure 7.2, Wopfner and Twidale, 1967). They attributed a Pleistocene age to the sequence 
because of the presence of Diprotodon bones which they correlated to the Diprotodon 
bearing Katipiri Formation at Lake Palankarinna (Stirton et al., 1961), Diprotodon remains 
from Lake Callabonna dated to >40,000 years BP (Daily, 1960) and by correlation to a 
date of 39,200 1300 years BP (DSIR Laboratory, Wellington, New Zealand, no 
laboratory code number quoted, Johns and Ludbrook, 1963) from Coxiella shells from 
"gypsiferous sandstone" at Shelly Point, Madigan Gulf (Locality M of King, 1956). 
In a number of subsequent publications Wopfner and Twidale quote a radiocarbon date of 
24,100 1600 years BP (GX 1872) from a Diprotodon bone about 6 m above the 
foraminifera-bearing clays at the Lookout Locality (Twidale, 1972; Wopfner and Twidale, 
1988; Twidale and Wopfner, 1990; Wopfner and Twidale, 1992). This sample is overlain 
by at least 1.5 m of fluvial sediment capped by an "ancestral" dune unit with "calcareous 
pipes" (presumably rhizonodules?) which is stated to be older than the longitudinal dunes 
which comprise the Simpson Desert (Wopfner and Twidale, 1967). Based on this single 
bone radiocarbon date Wopfner and Twidale have repeatedly stated that the dunes of the 
Simpson, Tirari and Strzelecki deserts rest on a floor of fluvio-lacustrine sediment of Late 
Pleistocene age and are therefore "intrinsically of Holocene age" (Twidale, 1972; Wopfner 
and Twidale, 1988; Twidale and Wopfner, 1990; Wopfner and Twidale, 1992). As 
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supporting evidence, they quote references and observations which cite modern dune 
mobility, and they explicitly contradict the more widely held view that the dunefields were 
constructed during arid phases of the Pleistocene and have seen only minor reactivation of 
dune crests in the Holocene. 
Callen and Nanson (1992) disputed Wopfner and Twidale's interpretation and cited five 
Pleistocene radiocarbon dates on emu and Genyornis eggshell and one Pleistocene dune 
sediment TL date which clearly indicate major dune activity prior to the Holocene. Callen 
and Nanson (1992) also presented 11 TL dates and 2 U /Th dates from fluvial sediments 
underlying the dunefield in the Cooper Creek-Lake Hydra region, with a youngest TL date 
of 101.3 12.9 ka (W 814) from the Katipiri Formation. These dates were consistent with 
earlier TL dating of Cooper Creek sediments in the Channel Country of Queensland which 
suggested deposition of the Katipiri Formation occurred before 100 ka (Nanson et al., 
1988). Therefore, Callen and Nanson (1992) rejected the implication by Wopfner and 
Twidale of an age not much greater than 20 ka for the Katipiri Formation and suggested 
that the bone radiocarbon date is likely to be contaminated by younger carbon and should 
be considered a minimum date. 
In response, Wopfner and Twidale (1992) pointed out that none of the Katipiri Formation 
TL dates quoted by Callen and Nanson (1992) were from the Warburton River and they 
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argued that deposition of the Katipiri is likely to be diachronous. They also suggested that 
incomplete bleaching of the TL signal might have resulted in ages which are older than the 
real age. They also stated that the molluscan assemblage reported in their 1967 paper, 
from approximately 500 m downstream of the dated bone sample and from a 
stratigraphically equivalent. level, was described by Ludbrook as "no older than 
Quaternary". They then made the untenable assertion that this observation supports the 
young radiocarbon bone age. They concluded by accepting the veracity of the radiocarbon 
date but did not present details of the carbon fraction dated and pretreatment methods 
utilised to address the possibility that the date could be contaminated by younger carbon. 
The GX 1872 date is apparently first cited by Twidale (1972) although no details are 
provided and reference is made to a paper by "Wopfner in press in the Transactions of the 
Royal Society of South Australia, 1971". This paper was apparently not published by that 
journal and no reference to it occurs again in any of Wopfner and Twidale's papers. The 
date, processed by the Geochron Laboratory, was never published in a date list in the 
journal Radiocarbon and the only reference to any details of the methodology used, is to an 
unpublished report from Geochron Laboratories Inc to the South Australian Mines 
Department in 1970 (Wopfner and Twidale, 1988). The suggestion by Callen and Nanson 
(1992) that the dated fraction was collagen, conflicts with analyses by Caldwell (pers 
comm) that bone samples from the Katipiri Formation contain virtually no nitrogen, 
indicating that collagen has been completely removed (Section Al.1.1.3.5). In order to 
critically evaluate the date I obtained details about the methodology used, from Geochron 
Laboratories (Miller and Kruger, pers comm): 
"The bone was generally cleaned of foreign material and crushed to 
approximately 10 mesh size. The sample was then reacted with cold dilute 
acetic acid to remove carbonates. As soon as the C02 evolution ceased, the 
sample was filtered, washed thoroughly, and dried. The sample was then 
hydrolysed with HCl, which released a second generation of C02 from the 
apatite fraction of the bone. This bone apatite C02 was used for the analysis." 
As summarised by Gillespie (1986), "the successful dating of bone is not always a routine 
procedure and many attempts have been made to use the carbonate fraction, with little 
success even when the apatite is isolated. Secondary carbonate from the environment 
washes into the bone and cannot easily be distinguished from native bone carbonate". 
Analyses of the fluorine content of bone samples from the Katipiri Formation (Section 
Al.1.1.3.5) range from 1.0% to 2.9% with a mean of 1.71%. Analyses of the uranium 
content of 5 bone samples from the Katipiri Formation ranged from 64.2 1.8 ppm to 517 
17 ppm with a mean of 186.3 ppm (Short, pers comm). These indications of substantial 
post-depositional chemical alteration of the bone are supported by X-ray diffraction 
analyses (Caldwell, pers comm) which indicate that the bone apatite is more crystalline 
and richer in fluorine and carbonate by comparison with modern bone. In all bones 
analysed the nitrogen content is less that 0.01 % indicating that collagen is virtually absent. 
The chemical uptake, mineral alteration and removal of collagen all suggest that substantial 
leaching and chemical exchange have occurred resulting in significant recrystallisation of 
the bone apatite. During these processes the carbonate in the bone has undoubtedly been 
contaminated by modern carbon and the date of 24,100 1600 years BP (GX 1872) should 
be regarded as a minimum date. 
Results presented in this study, from both the Lookout Locality and from 
Punkrakadarinna (see Section · 4:2, below) clearly show that deposition of Katipiri 
Formation sediments in the Warburton valley was coeval with deposition in the Cooper 
valley. The chronology for the Katipiri Formation presented by Callen and Nanson (1992) 
is essentially correct with the last major phase of fluvial deposition terminated about 90 to 
100 ka. This is followed by a phase of incision, and a minor channel-infill depositional 
phase occurred around 65 ka and no Katipiri Formation sediments younger than this are 
known to occur. The application of OSL dating in this study and the close agreement with 
the TL chronology demonstrates that incomplete bleaching has not been a significant 
problem for the latter technique. A large suite of AAR analyses and a smaller number of 
U /Th analyses from the Lake Eyre region support the veracity of the luminescence 
chronology. At the Lookout Locality, Diprotodon Site an OSL date of 96.3 12.5 ka from 
along side a Diprotodon bone, very close to the location of the GX 1872 sample and at the 
same stratigraphic level, clearly demonstrates that the bone carbonate radiocarbon date is 
a minimum date, as would be expected from the chemistry and mineralogy of bone from 
the Katipiri Formation. 
Clearly the assertion repeatedly made by Wopfner and Twidale (Twidale, 1972; Wopfner 
and Twidale, 1988; Twidale and Wopfner, 1990; Wopfner and Twidale, 1992) that the 
dunefields rest on a floor of fluvio-lacustrine sediment of Late Pleistocene age and are 
therefore "intrinsically of Holocene age" should be rejected. The dunes rest on a substrate 
which includes fluvio-lacustrine sediments of a wide variety of ages from the Etadunna, 
Tirari, Kutjitara and Katipiri Formations, the youngest of which date to isotope stage 5. 
As suggested by many previous workers (Sprigg, 1961, 1963; Brookfield, 1970; Folk, 1971; 
Bowler, 1976; Breed and Breed, 1979; Callen et al., 1983; Wasson, 1983, 1984; Bowler and 
Wasson, 1984; Gardner et al., 1987; Callen and Nanson, 1992) the dunes have a long and 
complex history of development with active phases focused on the drier periods of the 
Pleistocene with only minor crest reactivation during the Holocene. 
4.1.4 Palaeoenvironmental summary of the Lookout Locality 
At sometime in the Quaternary, perhaps in the Middle Pleistocene prior to about 320 ka, 
Lake Eyre was low or empty and in response to low base level the palaeo Warburton had 
incised a channel into the Oligo-Miocene Etadunna Formation to about -1 m AHD. Pluvial 
aggradation occurred and sand and clayey sand sediments were deposited which are 
dated at the Main Site to older than stage 5 and older than stage 7. Although it is 
undated, Unit Fat the Diprotodon Site is more compacted and cemented than the channel 
sands which incise it and is likely to be equivalent to the older flu vial sediments at the base 
of the section at the Main Site. 
Prior to about 100 ka, possibly during stage 6, Lake Eyre was again low and channel 
incision occurred, again to about -1 m AHD, with depth of incision apparently controlled 
locally at the Main Site by a substantial gypsum hardpan developed at the top of the 
Etadunna Formation. This was followed by another phase of fluvial aggradation with 
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deposition of up to 6 m of channel sands and gravels, and muddy sands. At the 
Diprotodon Site a thick pale yellowish sand was deposited in an active laterally 
aggrading point bar sequence. A number of dates suggest that deposition of this phase 
occurred between 90 and 100 ka The abundant presence of Diprotodon bones in these 
fluvial sediments, including many.apparently from the same individual animal, is clear 
evidence that the megafauna were present in the Warburton valley at this time. The dates 
presented here clearly show that deposition of the fluvial Katipiri Formation ceased at the 
Lookout Locality at about 90 ka, not close to 20 ka as has been repeatedly asserted by 
Wopfner and Twidale (see refs above). 
The fluvial sediments contain discoidal secondary gypsum crystals which increase in 
abundance from the middle to the top of the unit where a gypsum cemented zone, 
containing intergrown discoidal crystals, forms a resistant zone which is exposed in the 
valleys containing the large gullies. The secondary gypsum appears to be pedogenic rather 
than of groundwater origin and the gypsum was probably derived post-depositionally, 
presumably from an aeolian source associated with a major deflation episode in the basin. 
Subsequently, there has been sufficient time for pedogenic processes to translocate the 
gypsum through the fluvial sands. 
Overlying the fluvial sequence are up to 9-10 m of uniform aeolian gypseous clayey sands 
which possibly have a TL age at the base of around 20 ka close to the LGM. Between the 
fluvial deposition phase, which ended at 90 ka, and the onset of the aeolian unit at about 
20 ka, there is no record of events except for pedogenic mobilisation of gypsum. The 
internal structures (large scale sub-horizontal lamination) and orientation of the aeolian 
unit are consistent with an origin as transverse or source-bordering dune. The unit is richer 
in gypsum and pelletal clay than the source-bordering aeolian unit at Punkrakadarinna, 
further downstream (see Section 4.2.4 below), which is probably derived from the 
relatively large lake floor upwind of the Lookout Locality, on the southern margin of the 
flood plain. The unit is barren of both animal remains and archaeological materials, 
consistent with an association with saline deflationary conditions. There are no pedogenic 
horizons or changes in deposition within the aeolian unit, suggesting that it was deposited 
relatively quickly. Since deposition of the aeolian unit ceased there has been minimal soil 
development with a weak calcareous soil evident in the upper portion of the unit. 
4.2 PUNKRAKADARINNA: 
In the entrenched north west-south east section of the Warburton Creek valley, 
approximately halfway between Toolapinna and Keekalanna (Fig 4.1), the river course 
takes a large loop to the north, downstream from Punkrakadarinna Yard, and intersects 
the northern edge of the flood plain. At this point river cliffs, extending for slightly more 
than a kilometre, expose a vertical section consisting of almost 15 m of lacustrine fluvial 
and aeolian sediment (Fig 4.5; Plate 4.3 A). 
The lower unit consists of about 3m of mostly lacustrine, very finely laminated, green gray 
and dark gray clay interbedded with thin fine sand partings and thin laminations of 
gypsum, at least some of which appear to be primary precipitates (Plate 4.3 B). The dark 
green and gray colours preserved in the clays suggest that reducing conditions, due to 
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water saturation, have persisted for a considerable period of time (perhaps since 
deposition?). Clay beds are thicker lower in the sequence and the frequency and thickness 
of gypsum laminae increases towards the top of the unit. Along the cliff section many of 
the laminae are deformed by numerous wavy folds, particularly at the upstream end of the 
outcrop (Plate 4.3 A); the deformation has a wavelength of 20 to 30 m and an amplitude 
of about 1 m. This deformation is thought to be due to sagging and slumping of highly 
plastic water-saturated clay beds as they are undercut by river cliff erosion. Another 
possibility is that expansion due to secondary overgrowth of gypsum has caused the 
deformation. The laminated lacustrine clay unit is examined in Core LE 91I6 at the south 
eastern end of the outcrop and at the Pollen Site in a more central position (Fig 4.5). 
The basal lacustrine unit is O".erlain by about 3 m of fluvial pale yellowish sand containing 
some grey-brown mud horizons in the lower parts, which is examined in detail in the Cliff 
Section at the Wood Site (Fig. 4.5). These fluvial sediments are deeply incised by a final 
channel phase which cuts through them into the underlying lacustrine unit with exposure of 
the channel form and sediment fill at the Wood Site and the Pollen Site (Fig. 4.5). The 
basal sands of these channels have acted as preferential conduits for groundwater 
movement with abundant water soakage and salt efflorescence at the base of the channel 
on the cliff face. The channel has also been a site of preferential gully erosion, especially at 
the Wood Site where a gully lateral to the Warburton valley has incised deeply into the 
channel fill. The channel fill sequence is examined in a section in the north western wall of 
the Wood Site gully and at the upstream channel margin in the cliff face at the Wood Site 
(Fig. 4.5). Some additional observations are also reported from the channel fill at the 
Pollen Site. The sequence is capped by 5 to 6 m of aeolian sand which is examined in the 
south eastern wall of the Wood Site gully (Fig. 4.5). 
4.2.1 Laminated Lacustrine Unit 
4.2.1.1 Core LE 91/6: 
At the south eastern end of the outcrop the Warburton Creek channel bends sharply to the 
west before continuing upstream to the south east (Fig 4.1). After the bend the channel is 
no longer adjacent to the margin of the floodplain, which trends more easterly immediately 
upstream of Punkrakadarinna, and fresh cliff exposures of sediments which pre-date the 
present valley do not continue upstream. At this upstream end of the site the outcrop 
ends abruptly where the aeolian and fluvial units are truncated by an old channel of the 
Warburton Creek which is incised approximately to the level of the top of the lacustrine 
unit. This channel probably relates to the period of incision of the present Warburton 
Valley and a morphologically similar valley-marginal channel, at the OKA 2 site about 8 
Plate 4.3. Punkrakadarinna Site, Warburton Creek. 
A. Ground view looking east across the creek towards the upstream end of the exposure 
where Core LE 91/6 was located in a channel incised through the upper units to the top of 
the lower laminated lacustrine clay. Wavy deformation of the lower unit is clearly evident 
(see text for discussion). 
B. Close view of a portion of the laminated lacustrine clay unit, near the Pollen Core Site. 
Plate 4.3. Punkrakadarinna Site, 
Warburton Creek 
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Punkrakadarinna 
Core LE 91/6 
A Loose clean f~e to medium sand with common clay aggregates 
Sedentary gypsum layer,prismatic crystals 1-2 mm, over lcm of dense dolomitic marl 
Light gray laminated clay interbedded with wavy irregular yellow orange sand 
B Ripple cross bedded primary prismatic gypsum lamination 
overlying thin ( z lrnrn) dolomitic marl layer 
Clean laminated sand with thin irregular grayish olive clay laminae 
Very finally laminated dark grayish yellow and grayish olive clay 
with single and complex ripple cross bedded prismatic primary gypsum 
layers and occasional thin pale orange sand partings. Some 
interbedded laminated pale orange fine sand layers 
Interlarninated pale yellow clean sand and and thin 
grayish olive clay layers 
Ripple cross bedded primary prismatic gypsum layer 
OSL: 128.5 ± 11.7 ka 
Laminated clean pale yellow sand with thin irregular 
clay layers 
Ripple cross bedded primary prismatic gypsum layer 
Interlaminated pale yellow clean sand and and thin 
grayish olive clay layers 
Very finally laminated dark grayish olive clay with single and 
E complex ripple cross bedded prismatic primary gypsum layers and 
occasional thin pale orange sand partings . 
Laminated clean pale yellow sand with thin irregular clay layers; 
secondary discoidal gypsum 
l\\Jsand 
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Laminated sand and dark grayish olive clay 
F-Ripple cross bedded primary prismatic gypsum layer 
t:~:~:JLaminated sand with thin clay layers 
~~ '-~ ... ~ J Laminated sand and clay 
Laminated dark grayish olive clay with thin sand 
laminae 
f:-:-:J Laminated clay with thin sand layers 
~~ -::.j Laminated clay 
t' > > JU nlamina ted clay 
E;:-:t-~ Secondary discoidal gypsum 
b...: •:1 Primary prismatic gypsum 
G Laminated clean pale yellow sand with thin irregular -Thin dolomitic marl 
clay layers 
- Ripple cross bedded primary prismatic gypsum layer 
H Laminated sand and dark grayish olive clay 
occasional thicker clay and sand layers 
• 
Laminated dark grayish olive clay with thin sand laminae 
Ripple cross bedded primary prismatic gypsum layer 
Very well sorted, clean white medium to coarse sand 
OSL sample 
Bright reddish brown mud with abundant large displacive discoidal 
secondary gysum and powdery secondary gypsum 
Fig. 4.6. Log of Core LE 91 / 6, at the upstream end of Punkrakadarinna 
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km upstream (Fig 4.1), was levelled to about 2.3 m higher. At both sites the perched 
channel has a thin unit of loose channel sand (20-50 cm) which contains abundant 
intraclasts of bone, and large gypsum and celestite crystals derived dominantly from the 
Tirari Formation. The purpose of Core LE 91/6 was to sample the lacustrine unit and to 
determine the extent of the unit below river level and it was sited in the perched channel 
(Fig. 4.1; Plate 4.3 A) to minimise the thickness of overburden. The detailed log of the core 
is presented in Figure 4.6 and the sequence is described from the base up. 
Tirari Formation mud (Unit K): Below -9.22 m AHD is a bright reddish brown massive 
mud with abundant secondary gypsum which is attributed to the Tirari Formation on the 
basis of its colour and lithology. Gypsum occurs as large (up to 2 cm) intergrown 
displacive discoidal crystals and as white powdery patches. Coring was discontinued at 
this level and only 12 cm of the Tirari Formation sediments were sampled. 
Basal sand (Unit J): Above the Tirari Formation are 12 cm of white, clean, very well 
rounded and sorted, medium to coarse quartz sand which is very slightly calcareous. The 
sand represents probably fluvial deposition in the valley after channel incision into the 
Tirari Formation to a depth of -9.22 m AHD. The full thickness of the transgressive sand 
is not known, as the core sample above the basal section was mislaid between the field 
and the laboratory and was not available for logging. 
Shallow- and intermediate-water depth lacustrine sediment (Units I and H): Overlying the 
basal sand are at least 58 cm (depth of lower contact is in missing core section) of 
laminated dark grayish olive clay (Unit I) with occasional thin ( <lmm) fine sand partings 
and rare lcm thick fine sand laminae. Gypsum occurs as common secondary displacive 
discoidal crystals up to 1 cm and as very fine sand- and silt-sized crystals (presumed to 
be primary prismatic) in a single thin("" 2mm) ripple cross-laminated elastic layer. This is 
overlain by 56 cm of laminated fine sand with thin layers of dark grayish olive clay (Unit 
H) with common secondary displacive discoidal crystals up to 1 cm. A 3cm thick fine 
sand layer occurs near the base and a 2 mm thick ripple cross-laminated elastic gypsum 
layer occurs near the top of the unit. These units were deposited after lacustrine 
conditions became established within the valley. Water depth was sufficient for fine clay-
rich sediments to be deposited well below wave base. Sandy laminae indicate periods of 
reduced water depth or input from river floods in this confined within-valley setting. 
Rarely, salinity was high enough for primary gypsum precipitation and at these times 
water depth was sufficiently shallow for elastic reworking of the precipitate to occur. 
Shallow-water lacustrine or fluvial sand (Unit G): This unit consists of 40 cm of pale yellow, 
clean, laminated, fine quartz sand with thin ( <lmm), irregularly spaced, darker grayish 
olive clay laminations. The texture suggests domination by higher-energy, shallow-water 
conditions with occasional fine sediment deposition. The lack of climbing ripples suggests 
that the sediment is probably dominantly shallow-water lacustrine proximal to fluvial 
sand supply from the palaeo-Warburton. 
Shallow- and intermediate-water depth lacustrine sediment (Unit F): This unit consists of 152 
cm of laminated sand and clay which grades from basal dark grayish olive clay with thin 
sand laminae (Sub-unit F3) through laminated sand and clay in equal abundance (Sub-unit 
F2) to clean pale yellow quartz sand with thin ( <lmm), irregularly spaced, darker grayish 
olive clay laminations (Sub-unit Fl) at the top. The boundaries between sub-units are 
gradational. Secondary discoidal gypsum occurs sporadically throughout, richest in Sub-
unit Fl, and a single ripple cross-laminated elastic gypsum layer occurs near the middle of 
Sub-unit F2. Deposition of this unit was initially dominated by clay-rich sediments, 
deposited well below wave base, with occasional sandy laminae indicate periods of 
reduced water depth or input from river floods. Water depth became shallower and sand 
a more common sediment component in the middle sub-unit and the upper part of the unit 
represents dominantly higher energy shallow-water conditions with only occasional fine 
sediment deposition Very rarely, salinity was high enough for primary gypsum 
precipitation with water depth sufficiently shallow for elastic reworking of the crystals. 
Shallow-water lacustrine evaporites (Unit E): This unit consists of 33 cm of very finely 
laminated dark grayish olive clay and occasional, thin (up to 1-2 cm) pale orange fine sand 
laminae with abundant white, single and complex, ripple cross-laminated, elastic gypsum 
layers. The primary gypsum layers are calcareous. This unit was deposited under 
lacustrine conditions with frequent oscillations of water depth, input of flood deposits and 
evaporatively induced high-salinities with primary gypsum precipitation and elastic 
reworking of the precipitate. 
Shallow-water lacustrine or fluvial sand (Unit D): This unit consists of 110 cm of pale 
yellow, clean, laminated, fine quartz sand with thin ( <lmm), irregularly spaced, darker 
grayish olive clay laminations. Clay laminae are more common and more closely spaced in 
Sub-units D3 and Dl and rarer in Sub-unit D2. As with Unit G the texture suggests 
domination by higher-energy shallow-water conditions with occasional fine sediment 
deposition. The lack of climbing ripples in the laminated sands and two ripple cross-
lamj nated elastic gypsum layers suggest that the sediment probably represents shallow-
water lacustrine deposition close to the fluvial sand source of the palaeo-Warburton. 
Shallow-water lacustrine evaporites (Unit C): This unit consists of 74 cm of very finely 
laminated dark grayish yellow and grayish olive clay and occasional thin (up to 1-2 cm) 
pale orange fine sand laminae with abundant white, single and complex, ripple cross-
laminated, elastic gypsum layers. The sediment is very similar to Unit E but the primary 
gypsum layers are non-calcareous and two thicker (up to 5cm) layers of laminated pale 
orange fine sand occur. This unit was deposited under shallow and evaporative lacustrine 
conditions as detailed for Unit E. As the nature and origin of the carbonate in the gypsum 
laminae of Unit E are not known, the significance of its absence from Unit C is also not 
clear. 
Shallow-water lacustrine clay and sand (Unit B): This unit consists of 61 cm (Sub-unit B2) of 
laminated, clean, fine to medium sand with thin irregularly spaced grayish olive clay 
laminae which are overlain by 46 cm (Sub-unit Bl) of laminated light gray clay with wavy 
laminated, yellow orange, fine to medium sand laminae. At -2.9 m AHD, at the top of 
Sub-unit B2, is a very thin ( <<lmm) grayish white marl layer, with a slow reaction to 10% 
HCl suggesting a dolomite mineralogy, immediately underlying a 1-2 mm thick ripple- and 
wavy-laminated elastic gypsum layer with pinch and swell structures. At -2.5 m AHD, in 
the upper portion of Sub-unit Bl, a lcm thick similar dolomitic marl layer immediately 
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underlies a 1-2 mm thick sedentary gypsum layer. Above the sedentary gypsum layer Sub-
unit Bl consists of very finely interlaminated gray clay and pale orange fine sand with rare 
very thin (<<lmm) dolomitic marl and primary settled gypsum laminae. This unit suggests 
initial shallow-water lacustrine conditions which terminated in a drying episode with 
deposition of marl then primary gypsum crystallisation as evaporitic conditions 
intensified. Lacustrine conditions returned (Sub-unit Bl), with slightly deeper water than 
earlier, before an intensive evaporative episode deposited a thicker marl unit followed by a 
period prolonged conditions suitable for gypsum crystallisation which deposited a 
sedentary gypsum layer. The final phase of the lacustrine sequence in this core consists of 
variable shallow and evaporative depositional conditions. 
Surface sands (Unit A): The upper 24 cm of the core consists of loose, clean, fine to 
medium sand with common clay aggregates which covers the floor of the perched channel 
cut into the top of the lacustrine clay unit. This sediment is likely to be a mixture of 
variously sourced material, including aeolian sediment and sand eroded from the channel 
walls. 
4.2.1.2 Pollen Site Core: 
The pollen site core is located at the upstream margin of the Pollen site channel where the 
lacustrine unit was well exposed in a steep fresh cliff exposure (Plate 4.3 B). At the time 
the core was taken the clays of the lacustrine unit below -4.5 m AHD were sufficiently 
moist and plastic to be sampled by sledge hammering 1 m lengths of 8 cm diameter PVC 
pipe into horizontal benches cut into the cliff face at 1 m intervals. After penetration 
finished, the core lengths were retrieved by excavation into the cliff face. The upper 1.4 
metres of the lacustrine unit were not able to be sampled in this manner owing to the 
abundance of cemented gypsum laminae and the relative dryness of the clay layers. This 
upper section of the lacustrine unit was sampled by bags. Eleven samples from the core 
were analysed for chemistry and carbonate and clay mineralogy. The detailed log of the 
core, with chemical and mineralogical analyses expressed as depth functions, is presented 
in Figure 4.7 and the sequence is described from the base up. 
Deep and intermediate water depth sediments (Unit L): The lower unit of the core consists of 
57 cm of interbedded grayish olive clay layers (Sub-units LS, L3 and L2) and layers of 
finely laminated grayish olive clay and fine sand (Sub-units L4 and Ll). Gypsum occurs 
as fine (l'l: lmm) secondary displacive discoidal crystals, occasionally very abundant (up to 
40% .gypsum by weight) and the unit is non-calcareous. The unit was dominantly 
deposited in deep-water conditions with the occasional influx of sands indicating 
shallowing or flood inflow. 
Shallow-water lacustrine sand (Unit K): This unit consists of 9 cm of clean unlaminated fine 
sand The unit represents shallow-water deposition but there are no clear indications of the 
depositional environment other than the presence of carbonates, which suggests a 
lacustrine origin for the sediment. 
Intermediate-and deep-water depth sediments (Units J and I): These units consist of 85 cm of 
dominantly of finely laminated grayish olive clay and fine sand (Sub-units J6, J3, Jl and 
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Unit I) interbedded with grayish olive clay layers (Sub-units JS, J4, and J2) . Gypsum occurs 
as fine ("" lmm) secondary displacive discoidal crystals, occasionally abundant with rare 
thin ( < 1 mm) laminae of very fine primary settled gypsum. Carbonate occurs as mixtures 
of equal amounts low-Mg calcite and High-Mg calcite of unknown origin with very minor 
dolomite. The grainsize fluctuations suggest that the unit was dominantly deposited in 
oscillating water conditions with common influx of sands indicating shallowing or flood 
inflow. More rarely, prolonged deep-water conditions resulted in clay deposition. 
Deep- and intermediate-water depth sediments (Unit H, G, F, E and D): These units consist 
of 70 cm of interbedded grayish olive clay layers (Units H, F, and D) and layers of finely 
laminated grayish olive clay and fine sand (Units G, and E). Gypsum occurs as occasional 
thin ( < 1 mm) laminae of very fine primary settled gypsum, especially in Units F and D. 
The units are dominantly non-calcareous but the sand component of Unit G contains 
dolomite, probably of detrital origin, and minor high-Mg calcite. Approximately equal 
proportions of the unit were deposited in deep- and oscillating-water conditions with the 
influx of sands indicating shallowing or flood inflow. The increased abundance of settled 
gypsum, compared to the underlying units, indicates that evaporatively produced high 
salinity was becoming more common. 
Intermediate water depth sediments (Unit C): This unit consists of 40 cm of interlaminated 
non-calcareous, grayish olive clay and fine sand. Sub-unit C2 is dominantly clay with thin, 
irregularly-spaced, fine sand layers and occasional thin ( < 1 mm) laminae of very fine 
primary gypsum. Sub-unit Cl is dominantly sand with thin, irregularly-spaced, clay layers 
and no gypsum. The unit was dominantly deposited in oscillating water conditions with 
common influx of sands, in the upper sub-unit, indicating shallowing conditions or flood 
inflow. 
Deep-water sediments (Unit B): This unit consists of 27 cm of finely laminated grayish olive 
clay with rare thin distinct fine sand laminae. A discrete 2 cm thick laminated sand layer 
occurs at -5.l m AHD. Laminae of very fine primary settled gypsum occur throughout and 
the unit is non-calcareous except for very thin (<<1 mm) whitish gray marl laminae which 
occur at the top. The unit was dominantly deposited in deep-water conditions with rare 
influx of sands indicating shallowing or flood inflow. The presence of settled gypsum and 
marl laminae indicates that evaporatively produced high salinity occurred commonly. 
Intermediate water depth sediments (Unit A): This unit consists of 48 cm of hard, dry, very 
finely laminated, yellowish-brown clay and irregularly spaced thin sand laminae. Thin 
wavy-laminated primary gypsum layers are present and a slow but prolonged reaction 
with 10% HCl suggests the presence of dolomite. The upper 15 cm of the unit contains 
whitish-gray creamy textured marl layers (up to 1 mm thick) which immediately underlie 
wavy-laminated primary gypsum layers. At the base of the unit the clay is moister and the 
colour becomes darker with brownish-gray transitional to the grayish olive of the 
underlying units. At this transition a yellow, powdery, apparently secondary mineral 
occurs associated with gypsum. This mineral was not analysed but is very similar in 
character to the jarosite occurrence in the lacustrine clays at the wood site (see below) and 
is assumed to be the same. The unit was dominantly deposited in deeper intermediate-
water conditions with frequent influx of sands indicating oscillations to shallower-water or 
flood inflow. The presence of settled gypsum and marl laminae indicates that 
evaporatively produced high salinity occurred commonly. 
4.2.1.3 Lacustrine Clay Unit at the Wood Site: 
The lacustrine unit was not examined in detail at the Wood Site except for the occurrence 
of organic remains and wood and unionid shells near the site. 
On the downstream side of the Wood Site Channel gully (Fig 4.5), at a vertical 
stratigraphic position near the middle of the unit, a thin clay bed, containing macroscopic 
organic remains including pieces of wood, extends over at least 30m. Limited excavation 
at the site of a small log (20cm in diameter) established that wood is definitely in situ in 
the sediment. The clay bed containing the wood underlies the channel incised into the 
laminated lacustri~e clay unit and very soft, water-logged clays and white powdery 
efflorescent salts, at the top of the truncated lacustrine unit, mark an area of soakage of 
groundwater which has moved laterally through the basal sand of the channel infill. 
Samples of the salts were not collected but the slightly bitter and endothermic taste 
suggested a high proportion of sodium sulphates. The wood occurs in a green-blue clay, 
rich in other organic remains, which might be leaves. Associated with the organics, 
particularly the wood fragments, is a powdery yellow material which was thought initially 
to be elemental sulphur. Analysis has shown that while traces of sulphur occur the 
mineral is dominantly a sodium rich jarosite, (Na,K)Fe6(0H)12(S04)4. This mineral is 
known to occur elsewhere, often in association with alunite KAl3(0H)6(S04)2, where low 
pH groundwaters containing iron and sulphate enter a neutral environment (Lock, 1988). 
The source of acidity may be the oxidation of pyrites contained in the laminated gypseous 
lacustrine clays deposited under reducing conditions with bacterial reduction of gypsum. 
The wood itself was dark chocolate brown to black in colour, and has a dense well 
preserved fibrous woody structure. Preservation was good enough to enable the 
identification of probable tree type. Dr Julian Ash of the ANU Department of Botany and 
Zoology has identified the specimen as a 'bloodwood' Eucalyptus (see Appendix ?) with 
attribution to E. terminalis as the most likely species of those which occur in riverine 
habitats of this region. 
From a number of lines of evidence the wood is believed to have been sub-aqueously 
deposited at the time of deposition of the unit rather than be a root intruded into the 
sediment at some later date: 
a) The fragments are discrete pieces with no evidence of root-like dendritic 
branching networks. 
b) The fragments occur over a limited horizontal distance and within the same thin 
bed. 
c) The bed containing the wood is rich in other organic remains. 
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d) The larger log examined in some detail possessed a thin underlying lens of sand 
concordant with the position of the log (Fig. 4.8; Plate 4.4 A), clearly indicating . 
that the presence of the log had modified the sedimentary environment during 
deposition of the sediment. 
Lens of clean sand - ------------------:-:-:-:-:-:-:-:--_-_-
0 
I 
40 cm 
I 
Dark gray plastic clay with 
yellow powdery jarosite 
and dark organic remains 
Fig 4.8. Fossil wood, Wood Site, Punkrakadarinna 
At a level some 15cm below the fossil wood horizon, fragile in situ whole single valves of 
large unionid mussel shells were found (possibly Alathyria sp.) and a large sample of 
identical unionids, which were in a better state of preservation, was recovered from a 
similar stratigraphic position some 200m upstream. From the field evidence it was 
difficult to reconcile the preservation of organic material, implying low pH conditions, so 
close to shell preservation, implying alkaline conditions. When chemical analyses were 
carried out on the sediments of the pollen core (Fig. 4.7) the reaction pH varied from 
relatively strongly acidic to mildly alkaline with no particular pattern. These observations 
accord with anomalous preservation of organics and shell from adjacent levels within the 
unit, but no explanation is apparent for such significant variations in pH from uniform 
lithologies within a single sedimentary unit. 
4.2.2 Main Pluvial Unit 
4.2.2.1 Wood Site Cliff Face: 
The 4m thick sequence of pale yellowish sand which overlies the laminated gypseous clay 
is described in detail from a section in the cliff face at the upstream end of the Wood Site 
Channel (Fig. 4.5). The stratigraphy of the section is illustrated in Figure 4.9 and Plate 4.4 
B and the stratigraphic units are described from base to top. 
Plate 4.4. Wood Site, Punkrakadarinna, Warburton Creek. Capital letter labels indicate 
stratigraphic unit codes used in text and figures, lower case labels indicate lithological 
characters and features . s = sand lens under log; cb = clay balls. 
A. View of a black, humic stained, log in the lower laminated lacustrine clay unit. 
B. View of the basal portion of the main fluvial unit at the Wood Site Cliff Face Section. 
Plate 4.4 . Punkrakadarinna Site, 
Warburton Creek 

Punkrakadarinna, Wood Site 
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Fig. 4.9. Stratigraphic log of the Wood Site, Cliff Face Section. 
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Top of laminated lacustrine unit (Unit F): The upper 120 cm of the laminated lacustrine unit 
consist of finely laminated clay and irregularly-spaced fine quartz sand laminae 1-2 mm 
thick. Thin (up to 1 mm) laminae of wavy-laminated fine-grained primary gypsum crystals 
occur commonly. The upper 80cm (Sub-unit Gl) is dry, hard and light yellow in colour 
whereas the underlying clay (Sub-unit G2) is darker brownish gray. 
Orange mud unit (Unit E): Immediately overlying the laminated lacustrine gypseous clay 
are 15 cm of orange mud and sandy mud layers up to 5mm in thickness interlaminated 
with thin ( <lmm) fine sand partings. Gypsum is absent and, as indicated by a mild 
reaction to 10% HCl, fine earth carbonate of unknown origin is present. The lithology of 
this unit, with mud or clay interlaminated with thin fine sand partings, is very similar to 
the underlying laminated lacustrine unit but with markedly different colour, indicative of 
strongly oxidising conditions, a lack of the primary gypsum laminae and the presence of 
carbonate in the mud. These characteristics suggest that the unit is transitional between 
the underlying lacustrine environment and the dominantly fluvial environments above. The 
depositional environment is likely to be fluvio-deltaic with the strongly oxidative red-
brown colours similar to fluvial mud units in the region and the fine lamination and 
carbonate indicating a lacustrine influence. 
Fluvial sand (Unit D): This unit consists of 30 cm of clean, white, medium to coarse, 
quartz sand with common very coarse grains, particularly at the base of the unit. The unit 
has large scale cross-stratification with wedge shaped sets which are truncated at the 
upper boundary. The unit represents deposition in a relatively high-energy fluvial channel 
environment. 
Laminated mud and sand (Unit C): This unit is 35 cm thick and consists of two layers of 
laminated gray clay separated by clean white medium to fine quartz sand. The clay has 
laminae about 1 cm in thickness separated by very thin ( < lmm) discontinuous very fine 
sand partings and lenses. The clay is non-calcareous and has common irregular dendritic 
rootlet holes. The sand layer has occasional heavy mineral grains and rock fragments and 
lamination is poorly preserved but rare thin discontinuous mud drapes occur. The clay 
portion of this unit was deposited during brief periods of still-water conditions 
presumably when the channel was cut off and ceased to be active. Deposition occurred in 
standing water sufficiently shallow for aquatic macrophytes to grow. The sand between 
the clay layers represents a return to active channel conditions or the influx of a sand body 
during a large flood event. 
Fluvial sand (Unit B): This unit consists of 320 cm of clean, cross-laminated dominantly 
quartz sand. At the base of the unit the sand is mostly well rounded and sorted, medium 
to coarse quartz with occasional heavy minerals, rock fragments, very coarse sand-sized 
clay aggregates and detrital carbonate grains. Very coarse sand-sized grains are common 
at the base of the unit where large dull yellow clay ball intraclasts (up to 6-8 cm) also 
occur. The clay of the balls has very thin fine sand lenses, large intergrown masses of 
secondary discoidal displacive gypsum and minor fine earth carbonate. The sand fines 
and becomes more quartz dominated up the unit with medium to coarse quartz plus rare 
heavy minerals and clay aggregates above the basal very coarse zone and medium to fine 
quartz sand in the middle and upper portions of the unit. The unit has very large scale 
cross-stratification above the basal coarse zone, with irregular wedge shaped sets which 
are truncated at the upper boundary. The middle and upper portions of the unit contain 
abundant secondary gypsum in the form of discoidal incorporative crystals which 
frequently form intergrown masses and rosettes. The abundance of the gypsum and the 
size of individual crystals and intergrown masses increases towards the top of the unit. 
Gypsum cementation in the upper metre of the unit is sufficient for the horizon to form a 
conspicuous bench in the profile of the cliff. 
The unit represents deposition in a relatively high-energy fluvial environment. The basal 
coarse zone is clearly a channel gravel with the only clasts available being clay ball 
intraclasts. The fining upwards sequence and cross-stratification suggest that deposition 
occurred in a very active lateral migration point bar environment. Channel deposits with 
large scale duneforms or mega-ripples dominate the unit. Because the internal structure 
and stratigraphy of the unit have been obscured by slope wash, slumping and erosion by 
high flood levels in the modern channel it was not possible to study the geometry of the 
lateral migration deposits in detail. 
Aeolian sand (Unit A): The fluvial unit is overlain by a thick aeolian sand unit, with a 
basal coarse zone which is described in detail in the Wood Site Gully East Section. 
4.2.3 Fluvial Channel Unit 
4.2.3.1 Wood Site Channel Infill. 
Of the two exposures of the final fluvial incision phase the Wood Site channel is at the 
downstream end of the Punkrakadarinna outcrop. The channel is incised into the 
laminated lacustrine unit and has two low points (-6.19 m AHD and -5.47 m AHD) 
separated by a mid channel high point. A gully lateral to the modern Warburton channel 
deeply incises the downstream low point in the Wood Site channel exposure. The channel 
infill consists dominantly of sands with some thin grayish olive mud layers and is capped 
by brown overbank mud layers interbedded with thin sand horizons. The basal sand as 
exposed in the cliff face in the lower part of the channel upstream of the gully and is clean, 
well rounded and sorted, medium quartz sand with occasional coarse and very coarse 
grains. The sand has large scale cross stratification with wedge shaped sets which have 
coarse grains at the bottom of each set and thin discontinuous mud drapes on the faces 
and tops of bed sets. The basal sand was deposited in a high-energy channel environment 
and the scale of the cross bed sets suggests they were formed by duneforms or mega 
ripples migrating down the channel. The north west face of the gully provides a good 
exposure of the upper part of the channel infill sediments. 
Wood Site Gully North West Face Section: 
The stratigraphy of the section is illustrated in Figure 4.10 and Plate 4.5 B and the 
stratigraphic units are described from base to top. 
Lower channel sand (Unit F): The lower sand consists of at least 120 cm of clean white 
very well sorted and rounded medium quartz sand with rare heavy mineral grains. The 
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sand occurs in layers 15 to 30 cm in thickness which are separated by thin (2-3 cm) 
interbeds of finely laminated grayish yellow mud which contains very thin ( << Imm) 
partings of very fine sand. The sand beds have internal cross-stratification which indicate 
channel migration of small-scale duneforms from left to right (into the cliff face from the 
modern Warburton bank). The sand was deposited in a high-energy channel environment 
but the smaller scale of the duneform cross-bed sets and the lack of coarse grains at the 
base of bed sets suggests a less active regime than at the base of the channel infill sequence. 
Greenish gray brown clay (Unit E): At the top of the lower sand is a variable thickness (10-
30 cm) of greenish grey brown clay with very thin (<<1 mm) partings of very fine sand. 
The dry clay cracks conchoidally indicating an extremely fine and uniform grainsize. 
Gypsum occurs as extremely unusual, well rounded spherical nodules up to 4 cm in 
diameter which consist of extremely clear crystals with a frosted rough outer surface which 
incorporates small amounts of the host sediment. This unit represents a period of 
inactivity in the channel, presumably after channel cutoff had occurred. The clay 
represents deposition of fine clay in an ox-bow lake or billabong with occasional thin 
laminae of very fine sand representing the influx of sediment-charged floods into the lake 
or pond. Water depth was sufficient for very fine sedimentation and the exclusion of 
aquatic macrophytes. 
The gypsum nodules are difficult to explain. Gypsum is both extremely soft and relatively 
soluble which preclude it reworking for long enough to become well rounded. In addition 
gypsum has a perfect cleavage and when subjected to physical weathering during transport 
it tends to fracture along cleavage planes to form flattened blades. Virtually all primary 
prismatic and secondary discoidal gypsum known from the Lake Eyre region has 
crystallised as euhedral crystals. With the exception of silt- and very fine sand-sized 
prismatic crystals in lacustrine evaporites and sand-sized discoidal crystals in lunette 
sediments there is very little evidence of elastic reworking of gypsum crystals. In the 
lunette sediments physical abrasion of discoidal crystals results in breakage along cleavage 
planes to form thin blades which eventually break into smaller angular fragments. While 
solution of the crystals can produce smoothed and embayed outlines, physical rounding to 
produce spherical grains does not occur (Magee, 1991). Additionally, the largest grainsize 
in the rest of the unit is very fine sand in thin partings. The depositional environment is 
not consistent with well-rounded clasts up to 4 cm in diameter. The most likely 
explanation for the nodules is that they are post-depositional precipitation of gypsum 
which is filling spherical voids in the clay. The voids must be due to gas bubbles within the 
clay but the mechanism of their origin is obscure. The clay is apparently low in organic 
matter and appears to be no different to many other clay rich horizons in the region. No 
other rounded gypsum nodules have been found at any site in the lake Eyre region. 
Iron-stained fluvial sand (Unit D): This unit consist of a variable thickness of light yellow 
orange to reddish orange fine quartz sand. The unit is about 100 cm thick at the down-
gully side of the outcrop but thins up the gully. The sand is indistinctly cross-stratified 
with thin laminae rich in very fine heavy mineral grains . This unit represents the 
reactivation of the channel and the onset of higher-energy deposition but the finer grainsize 
of the sand and the indistinct cross lamination suggest a less active regime than the 
underling sand units of the channel infill. The colours indicate the presence of secondary 
201 
202 
iron oxides and hydroxides which have presumably precipitated from groundwater 
migrating through the unit (see discussion of Pollen Site channel below). 
Interbedded sand and clay (Unit C): This unit consists of about 35 cm of interbedded clay 
layers ·(3 beds up to 5 cm in thickness) and clean fine sand layers (2 beds up to 10 cm in 
thickness). The two lower clay beds are greenish grey brown and are similar to the 
underlying clay of Unit E but do not have spherical gypsum nodules. The sand layers are 
similar to the immediately underlying fine sand of Unit D but do not have the secondary 
iron oxide/hydroxide staining. The unit represents oscillation between fine sediment 
deposition in a cutoff ox-bow lake or billabong and the influx of channel sands into the 
environment. The upper clay bed of the unit is grayish chocolate brown and represents the 
onset of mud deposition in a more oxidising overbank environment. 
Fluvial sand (Unit B): This unit consist of about 70 cm of white, clean, fine to very fine 
quartz sand with occasional heavy mineral grains. The sand has ripple-scale cross-
lamination. This unit represents the reactivation of higher energy channel deposition but 
the finer grainsize of the sand and the fine scale of the cross lamination suggest a less 
active regime than in the underling fluvial sand units. 
Interbedded sand and overbank mud (Unit A): This unit consists of thin sand layers 
interbedded with grayish chocolate brown mud layers. The sand is white, clean, fine to 
very fine quartz similar to that of Unit B and has fine horizontal lamination. The sand 
beds are discontinuous, wedging out up the gully, and contain small (up to 5 mm) 
incorporative discoidal crystals of secondary gypsum. The mud is massive with 
occasional sand grains and tends to have a blocky fractured structure. Secondary gypsum 
occurs as large (up to 5 cm) nodules of intergrown displacive discoidal crystals and 
secondary manganese occurs as abundant dendritic nodules on the faces of cracks and 
block surfaces. The mud layers, separate at the down-gully end of the outcrop, join at the 
up-gully end as the sand layers wedge out. Additionally, the erosional upper surface of 
the unit is higher at the up-gully end and thus the mud unit thickens markedly up gully. 
The upper surface of some of the mud layers, particularly the upper layer at the up-gully 
end of the outcrop, shows considerable evidence of soft sediment load deformation (Plate 
4.5 A). This unit is dominated by mud deposition with minor intercalations of fluvial 
sands. The chocolate brown colour of the mud, indicative of an oxidising environment, 
combined with the blocky structure, secondary manganese and secondary gypsum are all 
characteristics of overbank mud deposition at the top of the channel infill sequence. The 
thin discontinuous sand layers represent flood sand sheets. The loading structures suggest 
that the mud layers were moist at the time of emplacement of the sand sheets, which is 
difficult to reconcile with an origin as overbank mud and subaerial oxidation. 
Plate 4.5. Wood Site Gully Section, Punkrakadarinna, Warburton Creek. Capital letter 
labels indicate stratigraphic unit codes used in text and figures, lower case labels indicate 
lithological characters and features. ae = aeolian unit. 
A. Close view of the upper portion of the channel infill unit in the Gully Section at the 
Wood Site showing wet-sediment loading deformation structures. 
B. View of the channel infill unit in the Gully Section at the Wood Site. 
Plate 4.5. Punkrakadarinna Site, 
Warburton Creek 

Upstream margin of the Wood Site Channel 
The upstream margin of the Wood Site channel is particularly well exposed and the 
stratigraphy is illustrated in Figure 4.11 Plate 4.6 B and the stratigraphic units described 
from base to top. 
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Fig. 4.11. Stratigraphy of the upstream margin of the Wood Site channel infill unit. 
Underlying fluvial sand (Unit C): The sand below the channel is white, clean, moderately 
well sorted and rounded, medium quartz sand with occasional clay aggregates. The unit 
has large scale cross stratification and represents fluvial channel deposition in a active 
lateral accretion point bar sequence. The sand can traced 30 m laterally to Unit C of the 
Wood Site Cliff Section (described above) and is truncated sharply and at a relatively 
steep angle by the Wood Site channel. 
Basal channel sand (Unit B): The sand at the base of the channel infill sequence consists of 
clean, pale yellow, well rounded and sorted, medium quartz sand with occasional coarse 
and very coarse grains. The sand has indistinct ripple-scale cross lamination with thin 
discontinuous mud drapes. A mud layer which wedges out towards the channel margin 
occurs within the basal sand unit and consists of dull yellow orange very finely laminated 
mud with thin ( <1 mm) very fine sand laminations. This unit is the channel marginal 
equivalent to the basal sands of the channel infill sequence and it represents deposition in 
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a less energetic regime than deeper in the channel, as indicated by the presence of ripple 
cross-lamination rather than megaripples. 
Upper overbank mud (Unit A): This unit consists of a number of grayish chocolate brown 
mud laminae (up to 15 cm in thickness) iriterbedded with thin, pale yellow, medium to fine 
sand layers. Both mud and sand layers wedge out towards the margin of the channel. The 
muds are dry and cracked into a blocky structure and contain abundant secondary 
gypsum nodules of intergrown displacive discoidal crystals . Some of the mud layers, 
particularly the thicker, upper layers, show extensive mud cracking with cracks up to 3 to 
4 cm wide extending right through mud layers up to 15 cm thick. These cracks, spaced at 
intervals of 15 to 30 cm, are filled with sand from the overlying layer. The mud cracked 
layer is in a similar stratigraphic position to the load deformed layer at the top of the 
Wood Site Gully North West Face Section, although the stratigraphy between the two sites 
is interrupted by the gully and the correlation cannot be traced. The reduction in volume 
implied by the mud cracks indicates that water loss has been significant and suggests a 
high initial water content in the mud layer which is consistent with the evidence of loading 
deformation at equivalent levels. This unit is dominated by mud deposition with minor 
interbedded fluvial sands. The oxidised chocolate brown muds with blocky structure and 
secondary gypsum chiefly represent overbank mud deposition as the final channel infill 
phase. The thin discontinuous sand layers represent flood sand sheets. 
4.2.3.2 Pollen Site Channel Infill: 
The Pollen Site channel has a more simple profile than at the Wood Site with a single low 
point at -7.14 m AHD which is lower than the Wood Site channel. Both the upstream and 
downstream boundaries of the channel at the Pollen Site are marked by deposits of 
secondary iron oxides and hydroxides which impregnate sandy sediments of the channel 
infill sequence. The channel infill sequence (Fig 4.12) is similar to that of the Wood Site 
Channel with basal cross-laminated sand and an upper brown overbank mud unit. 
Between these units is about 50 cm of finely laminated green grey clay and primary gypsum 
which is believed to be equivalent to the greenish grey brown clay, with spherical gypsum 
nodules, of the Wood Site channel infill sequence (Unit E). Only these aspects where the 
Pollen Site channel sequence differs from the Wood Site channel sequence will be discussed 
in detail. 
Iron cemented channel margins: 
Secondary iron oxides and hydroxides which vary in colour from bright yellow to dull 
yellowish brown discontinuously impregnate the basal sand unit of the channel infill 
Plate 4.6. Wood Site, Punkrakadarinna, Warburton Creek. Capital letter labels indicate 
stratigraphic unit codes used in text and figures . 
A. Aeolian unit showing sub-horizontal lamination and weakly developed pedogenic 
horizon at the top of the unit. 
B. View of the upstream margin of the channel infill unit at the Wood Site, showing the 
disconformable angular contact with the underlying white sands of the main flu vial unit 
(C) . 
Plate 4.6. Punkrakadarinna Site, Warburton Creek 
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sequence along much of the channel boundary. The secondary iron varies in thickness and 
degree of cementation from thin coatings on sand grains, which imparts a yellow colour to 
the sediment but leaves the sand loose and friable (similar to Unit D in the Wood Site 
Channel), to massive brown cemented zones 50-75 cm thick where quartz grains are 
separated and cemented in a dense iron matrix. The secondary iron is almost certainly the 
result of precipitation as low pH groundwaters, relatively rich in iron, migrate laterally and 
meet conditions close to neutral pH at the channel margins . Macumber (1991) has 
demonstrated the efficacy of this process at sites in north western Victoria. The 
distribution of the secondary iron along the channel boundary adjacent to the main fluvial 
unit suggests that the lower pH groundwater, enriched in iron, was in the sand of the main 
fluvial unit and the iron precipitated as the groundwater entered the basal sand of the 
channel fill. 
Lacustrine sediments: 
The lacustrine unit is up to 50 cm in thickness and consists of interbedded light gray clay 
and primary gypsum layers. The clay layers vary from 2 to 5 cm in thickness, are finely 
laminated with occasional very thin (<<1 mm) fine and very fine sand laminae. The clay is 
dry and layers which are thicker and more massive are conchoidally cracked, indicative of 
the uniformly fine grainsize. Thinner layers very commonly have shrinkage cracks which 
may be due to post-depositional desiccation or syneresis processes. The gypsum layers 
are mostly 1 to 3 cm often with variable thickness within layers owing to the presence of 
pinch and swell structures. Sedentary gypsum occurs commonly, often in multiple layers 
where bladed prismatic crystals 3-4 mm in length are interrupted by very thin clay 
intercalations. Near the top of the unit is a 1 cm thick gypsum layer which consists of 
approximately 3-4 mm dark blocky bladed crystals overlain by 6-7 mm very regular, 
vertically aligned prismatic crystals. These two gypsum layers are separated by a very 
thin pale orange fine sand layer. Thin layers of orange fine sand which contain some 
reworked discoidal gypsum occur occasionally. 
This unit represents lacustrine deposition in an ox-bow lake or billabong during a period of 
inactivity in the channel, presumably after channel cutoff had occurred. The clay with 
occasional thin laminae of very fine sand represents the influx of sediment-charged floods 
into the lake or pond. Water depth was sufficient for very fine sedimentation and the 
exclusion of aquatic macrophytes. The presence of primary gypsum evaporite layers 
indicates that salinity was periodically high in the lake. The relatively large sedentary 
crystals suggest prolonged conditions suitable for gypsum crystal growth (Magee, 1991) 
which suggests that the lake was maintained by inflow of saline groundwater with 
occasional contributions from floods probably at considerably less than an annual rate. 
4.2.4 Aeolian Unit: 
4.2.4.1 Wood Site Gully East Face Section: 
The fluvial units of the Punkrakadarinna sequence are capped by a relatively uniform 
aeolian unit which is up to 6-7 min thickness. The aeolian unit is described in detail from 
a section on the eastern wall of the Wood Site gully (Fig 4.1) and the stratigraphy of the 
section is illustrated in Figure 4.13 and Plate 4.6 A and the stratigraphic units are 
described from base to top. 
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Fig. 4.13. Stratigraphic log of the aeolian unit at the South East Face 
Section of the Wood Site gully. 
Basal coarse sand (Sub-unit A3): This sub-unit consists of 25 cm of light yellow orange, 
poorly laminated, medium quartz sand with abundant coarse and very coarse grains. 
Some heavy mineral grains are present but clay, carbonates and gypsum are absent. The 
origin of this layer rich in coarse grains at the base of the aeolian unit is not certain and 
there is no evidence to suggest a depositional flu vial or littoral lacustrine origin. The coarse 
sediment could be a lag of grains concentrated at the surface of the fluvial unit by deflation 
and invertebrate burrowing (particularly by ants) and incorporated into the base of the 
aeolian unit at the onset of dune deposition. 
Aeolian sand (Sub-unit A2) : This sub-unit forms the bulk of the unit and consists of 620 
cm of light yellow orange, well rounded and sorted, fine and medium sand. The lower part 
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of the sub unit is quartz-dominated and has well developed horizontal and sub-horizontal 
lamination with rare low angle cross lamination. The upper portion of the sub-unit 
contains common rock fragments and occasional heavy mineral and detrital carbonate 
grains and is indistinctly horizontally laminated. The relatively thick aeolian sequence 
without evidence of any breaks in depos'itfon, in the form of disconformities or pedogenic 
zones, suggests rapid and continual deposition during a major aeolian depositional phase. 
The orientation of the aeolian deposit is parallel to the edge of the flood plain and oblique 
to adjacent longitudinal dune field which suggests an origin as a transverse source-
bordering dune derived by deflation from the flood-plain floor. The generally horizontal 
nature of the internal lamination in the aeolian unit is consistent with this interpretation. 
The lack of reworked sand-sized discoidal gypsum and aggregates of fine-grained 
sediments suggests that saline groundwater processes were not the cause of this deflation 
episode. It is therefore likely that aeolian deposition was initiated due either to a increase 
in sand supply to the flood plain, a reduction in vegetation, an increase in wind strength or 
perhaps some combination of these factors. 
Upper pedogenic zone (Sub-unit Al): The upper 90-100 cm of the unit consists of orange 
medium quartz sand with occasional coarse and very coarse grains. Rock fragments and 
detrital carbonate grains occur occasionally. Lamination is absent and minor clay occurs 
as poorly developed clay skins on sand grains resulting in a massive structure which is 
blocky due to sub-vertical and sub-horizontal cracking. Minor fine earth carbonate is 
present, presumably as a secondary precipitate. Secondary gypsum forms small ( <5 mm) 
aggregates of intergrown discoidal crystals. This horizon represents a pedogenic zone 
developed on the aeolian unit with minor translocation of clay gypsum and carbonate, 
which has been of sufficient magnitude to destroy primary lamination. 
4.2.5 Chronology of the Punkrakadarinna Site: 
4.2.5.1. Laminated lacustrine unit chronology: 
Samples of both shells and wood from the laminated lacustrine unit near the Wood Site 
channel were submitted to the ANU radiocarbon laboratory for conventional radiocarbon 
dating. X-ray diffraction analysis of the shells indicated a 100% aragonite mineralogy, 
indicating minimal recrystallisation of the calcium carbonate since its incorporation into the 
shells, attesting to their suitability for radiocarbon dating. An age of 40,800 ± 1100 BP 
(ANU 6506) was obtained from these shells . The wood was subjected to solvent 
extraction, treated with sodium chlorite to leave holocellulose, rinsed and dried. Cellulose 
was purified from the sample and a date of 46,100 +2000 I _1600 BP (ANU 6575) was 
obtained. Radiocarbon dates of this age, at the usable limit of the technique, must be 
regarded as minimum dates and indicate that the unit is 46 ka or older. The small amount 
of 14c present in the samples indicates minimal contamination of both samples with more 
recent carbon, attesting to the high quality of preservation conditions in the laminated clay. 
A sample for TL dating was taken from the top of the laminated lacustrine unit near the 
Pollen Core Site in association with Dr G.C. Nanson and dated at the Wollongong 
University TL Laboratory. The sample was from a 32 cm thick fine sand unit which was 
above the levels sampled in the Pollen Core and the sample is not plotted on the log (Fig. 
4.7). The sample was saturated for TL signal and the date obtained was >150 ka (W 
970). The sample was saturated because, with a thickness of only 32 cm for the sand 
layer, the quartz grains were subjected to high gamma dose rates from the adjacent clay 
layers, presumably due to potassium levels much higher than typical of the very mature, 
feldspar-poor sand units of the Lake Eyre region. In calculating the saturated age for this 
date only the dose received from the sand unit was used. As this dose is less than the real 
dose received, the true saturation age for the sample must be less than 150ka. 
A sample for OSL dating was taken from the top of the laminated lacustrine unit in the 
cliff face at the Core LE 91I6 Site (in the middle of Unit D, Fig 4.6). Because this site is 
located near the margin of the in-valley lake, the laminated lacustrine unit is a more littoral 
sandier facies and individual sand units tend to be thicker. Sub-unit D2, containing the 
OSL sample, consists of 42 cm of fine sand with very minor amounts of clay and the sub-
units above and below have more than 30 cm of slightly clayier sand. An in situ gamma 
dose measurement was made to ensure there was no anomalously high gamma dose from 
adjacent more day-rich sediments. An age of 128.5 ± 11.7 ka was obtained from the 
sample indicating that the main lacustrine phase existed early in isotope stage 5. 
4.2.5.2. Main fluvial unit chronology: 
Two luminescence dating samples were taken from the main fluvial unit at the Wood Site 
Cliff Face section (Fig 4.9). The lower sample at -2.51 m AHD was dated by TL at the 
Wollongong University Laboratory and the upper sample at +0.67 m AHD was dated by 
OSL at the ANU LDL laboratory. 
The lower sample produced an age of 140 ± 11 ka (W1444). The original sample was sub-
sampled in the ANU LDL Laboratory and taken to the Wollongong Laboratory for 
processing. Because it was from a fairly narrow sand unit (30 cm), I provided a gamma 
dose rate estimation from a field gamma spectrometer and this figure was substituted for 
the gamma dose as estimated by alpha counting of the dated sample, which is the normal 
Wollongong Laboratory technique and would have resulted in an age of 160 ± 11 ka. The 
upper sample was dated by OSL to 110.4 ± 10.8 ka. The age obtained for W1444 is a 
reversal compared to the OSL date in the underlying lacustrine unit and is considerably 
older than the overlying OSL date in the upper part of the same unit. Difficulties were 
encountered with the gamma dose estimation from the field measurement and it was only 
possible to estimate a total gamma dose rather than the concentrations of individual 
radioisotopes. Additionally, the validity of the calibration of the instrument used is not 
clear. Thus, while the field gamma dose measurement has probably improved the accuracy 
of total dose estimation, the gamma dose might have still been underestimated. There is 
also the possibility that some residual TL signal has resulted in an overestimation of the 
age. 
4.2.5.3. Fluvial channel unit chronology: 
From the channel fill at the Wood Site there are three Wollongong TL ages of 75.6 ± 7 
(W965), 64.9 ± 5 (W969), and 63.4 ± 4.6 (W966) which agree as a group very well and 
suggest an age between 65 and 75 ka for deposition of the channel infill. However, an 
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ANU OSL age of about 89.9 ± 8.8 ka is considerably older than the TL group and requires 
some further discussion. The OSL sample was taken from sand at the base of the channel, 
close to the underlying lacustrine clay unit, and was therefore liable to receive a higher dose 
rate than that indicated by the channel sand itself. The field gamma spectrometry 
measurement was made at the same time a:nd with the same instrument as for W1444 and 
the difficulties, as detailed above, also apply to this measurement. The OSL signal in the 
sample was very close to saturation and this caused difficulties with estimating the 
palaeodose (Section A2.3.2.2). Thus with uncertainties in both the palaeodose and dose 
rate estimation of this sample, the age obtained must be interpreted cautiously. 
There are several of U /Th ages from the fluvial channel unit from a variety of materials 
which were done at the Australian Nuclear Science and Technology Organisation (ANSTO) 
laboratory by Dr S. Short. An age of 57.3 +7 /-6.6 ka (LH 977), from a sample of 
ferruginised fossil wood from the upstream margin of the Pollen Site channel (Fig 4.12), is 
close to the age of the unit as indicated by the luminescence determinations. However, 
ages obtained from ferricrete, bone and gypsum vary widely and are very different from 
the luminescence ages. Ages of 22.7 +8.1/-7.1 ka (LH 1236) from sedentary gypsum of the 
lacustrine unit in the Pollen Site channel infill (Fig 4.12), of <llka (LH 1233) from the 
spherical gypsum nodules of Unit E and of <2.6 ka (LH 1234) from displacive discoidal 
secondary gypsum in Unit A of the Wood Site gully North West Face section (Fig. 4.10) are 
all considerably younger than expectations. Ages of 130 ± 8 ka (LH 1055) for bone at the 
upstream margin of the Pollen Site channel and 113 +23/-20 ka (LH 974) for dense 
secondary iron surrounding the bone (Fig 4.12) are considerably older than expectations. 
The bone occurred at the margins of the channel where the boundary between the sands of 
the channel infill and the main fluvial unit were obscured by massive secondary iron 
precipitation. It is thus possible that the bone was in the sands of the main fluvial unit, or 
reworked locally from that unit during the activity of the channel phase. In either of these 
cases the age of the bone would relate to the basal age of the main fluvial unit and thus be 
in closer agreement with the luminescence chronology. However, secondary iron 
precipitation is clearly related to the boundary of the final channel phase (as discussed 
previously) and it must post-date the age of the channel infill. The age from the secondary 
iron is therefore much older than expectations based on the luminescence chronology. As a 
group, these U /Th ages suggest that the materials, particularly gypsum, are not suitable for 
U-series dating at Lake Eyre presumably because they are not closed systems, particularly 
for uranium. The use of the small sample capability of mass-spectrometry, thereby 
allowing careful sample targeting and selection, might produce improved results. 
4.2.5.4. Aeolian unit chronology: 
There are two TL ages from the Wollongong Laboratory from the base of the aeolian unit at 
the Wood Site (Figs. 4.10, 4.13) of 24.l ± 1.7 ka (W968), 21.6 ± 1.6 ka (W967), which agree 
very well and suggest a stage 2 age close to the LGM for deposition of the aeolian unit. 
The minimal pedogenic modification of the unit, particularly the minor development of 
secondary gypsum, is consistent with an age considerably younger than the age of the 
Williams Point aeolian unit (50-60 ka) which is the major widespread aeolian unit closer to 
the Lake Eyre playa. 
4.2.6. Palaeoenvironmental summary of the Punkrakadarinna sequence: 
From the chronological results presented above, it is evident that, excluding W1444, the 
rest of the Wollongong TL dates and the ANU OSL dates agree extremely well and 
provide a coherent chronology, which allows a numeric ages to be placed on the 
palaeoenvironmental events interpreted from the Punkrakadarinna sequence. 
Prior to the last interglacial, probably in stage 6, Lake Eyre was low or empty and the 
palaeo-Warbourton at Punkrakadarinna had incised its channel to at least -9.22 m AHD 
in response to this low base level. 
Early in the last interglacial (isotope stage Se) conditions became wetter, apparently quite 
abruptly. Lake Eyre filled to a level sufficient to flood up the palaeo-Warburton valley to 
beyond Punkrakadarinna where a within-valley lake of up to 1 km width existed. The 
thinly laminated gypseous clays of the lower unit at Punkrakadarinna were deposited 
during this lacustrine phase, with perhaps relatively fresher conditions at the base 
indicated by thicker clay beds. Most of the sequence indicates a permanent waterbody of 
oscillating salinity with higher salinity phases (indicated by the presence of gypsum 
evaporites) becoming increasingly important towards the top of the sequence. The 
sequence appears to wedge out horizontally through a sandy fades and abut against the 
Tirari Formation, confirming that the lake was confined to a relatively narrow flood plain 
valley cut into the Tirari Formation. 
Overlying the lacustrine laminated gypseous clay unit are 3-4 m of pale yellowish sand 
deposited in a high-energy fluvial environment with channel deposits, upward fining 
sediments and sedimentary structures which are indicative of an active laterally aggrading 
point bar sequence. A single OSL age from this unit overlaps with the age of the underlying 
lacustrine unit suggesting that there is no major time break between the units, consistent 
with the lack of pedogenesis at the top of the lacustrine unit and a unit transitional 
between lacustrine and fluvial conditions at the base of the fluvial unit. The fluvial sand 
contains large discrete discoidal secondary gypsum crystals which increase in abundance 
from the middle to the top of the unit where a gypsum cemented zone, containing 
intergrown discoidal crystals, forms a resistant bench in the cliff profile. As the fluvial 
sand is not gypsum-rich and the secondary gypsum appears to be pedogenic rather than of 
groundwater origin the gypsum must have been derived post-depositionally, presumably 
from an aeolian source. Therefore sometime after deposition of the unit ceased it is 
probable that a major deflation episode in the basin resulted in accession of gypsum, 
probably in association with more soluble salts which have been leached through the unit. 
Subsequently, there has been sufficient time and meteoric moisture to translocate the 
gypsum through the fluvial sands. 
A phase of channel incision cuts through the main lateral-accretion fluvial unit into the 
lower lacustrine unit with incision of the palaeo-Warburton, in response to reduced base 
level, to at least -7.14 m AHD. It is possible that the reduction in base level responsible for 
this phase of incision is equivalent to the deflation episode which blanketed the main 
fluvial unit with gypsum, but there no stratigraphic or chronological confirmation of this 
correlation. Following incision of the channel, a phase of aggradation between 65 and 75 
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ka infilled the channel with channel deposits, lacustrine (probably ox-bow lake) sediments 
and overbank muds. After deposition of the channel infill ceased another deflation event 
resulted in accession of gypsum to the site which has been translocated pedogenically into 
the mud at the top of the channel infill sequence. Lower quantities of gypsum compared 
with the earlier gypsum-accession episode; suggest either a less effective deflation phase, 
or more likely a greater distance to the site of deflation. 
Five to six metres of uniform aeolian sands, which possibly thicken away from the river, 
overlie the sequence and have TL ages at the base of 22-24 ka close to the LCM. The 
orientation of the aeolian unit and the internal structure are consistent with an origin as 
transverse or source-bordering dune. Other than pedogenic mobilisation of gypsum there is 
no record at Punkrakadarinna for events between the channel infill phase at 65-75 ka and 
the onset of the aeolian unit at 22-24 ka. The base of the aeolian sand contains abundant 
coarse grains which are unlikely to be fluvial or littoral lacustrine in origin. They probably 
r~present a lag of coarse grains from a long period of exposure (with associated deflation 
and invertebrate burrowing) which have been incorporated into the basal aeolian sediment. 
There are no changes in deposition or pedogenic horizons within the aeolian unit, 
suggesting that it was deposited relatively quickly. Since deposition ceased there has been 
minimal soil development, consistent with the moisture deficient conditions which pertain 
today. Some stripping of soils and minor gullying has probably occurred over the last 100 
years in association with major ecological changes which are associated with pastoral 
activities and rabbits. 
4.3 WHIP WELL: 
The Whip Well outcrop occurs at the southern margin of the Warburton Creek valley in the 
south westerly trending reach of the creek (Fig 4.1). The outcrop occurs where a recently 
abandoned channel of the Warburton intersects the southern valley margin and a deep 
waterhole occupies a scour hole in the abandoned channel adjacent to the cliff. A vertical 
cliff exposure occurs at the top of the bank but because the channel is not active, except at 
high flood flows, the cliff is not being constantly cut back and the lower portions of the 
bank are covered with scree and slope wash. 
At the top of the sequence well exposed in the cliff (Fig. 4.14), there is a sharp angular 
disconformity between the major stratigraphic units (Plate 4.7 A) . A younger fluvial unit 
Plate 4.7. Whip Well Site, Warburton Creek. Capital letter labels indicate stratigraphic 
unit codes used in text and figures, lower case labels indicate lithological characters and 
features. c = contact between units. 
A. View of the angular disconformable contact between the stage 5 fluvial sediments 
(Units A & B) infilling a channel cut into older stage 7 fluvial sediments (Units C & D). 
Trench 1 was located near the left margin of picture. 
B. View of exposure in Trench 2 showing stage 7 aged fluvial units consisting of overbank 
and channel-related units. 
C. View of exposure in Trench 3 showing the basal units of the stage 7 fluvial sequence 
(Units I-L) overlying a lacustrine sequence (Unit M) . 
Plate 4.7. Whip Well, Warburton Creek 
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Fig. 4.14. Stratigraphy of the Whip Well Site showing the location of the trench sections and dated samples. Lithological 
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with multiple channel cut and fill sequences overlies an older sequence of fluvial and 
lacustrine sediment. Trenches 1, 2 and 3 were a combination of a cleaned cliff exposure 
and slot trench at the base and were sited to sample the basal cut and fill sequence of the 
younger unit and the top of the older sequence, visible in the cliff. At the base of Trench 3 
a prominent bench is covered by a large amount of slumped sediment and slope wash. 
Below this level the slope to ·the water hole is steeper but is still covered by substantial 
slope wash. Trenches 4, 5 and 6 are sited on the upper part of this slope below the bench 
but further down the thickness of scree made hand excavation to undisturbed sediments 
very difficult. Because the trenches are located relatively close together and on an outcrop 
with sufficient exposure to be sure of the stratigraphic relationships, the units are 
designated A to Pas a single sequence. The sequence is described from base to top with 
Trenches 4, 5 and 6 considered as group and Trenches 1, 2 and 3 described separately. 
4.3.1 Trenches 4, 5 and 6 
Trenches 4, 5 and 6 were sited together, slightly offset and overlapping in order to provide 
a continuous sequence in a position where slope angle and amount of scree precluded 
digging a single trench. The stratigraphy of all three trenches is illustrated as a single 
sequence in Figure 4.15. 
Laminated clay (Unit P): The basal unit of the sequence, which extends over all of trenches 
6 and 5 and most of trench 4, consists of more than 233 cm of laminated clay, with 
occasional thin sand lenses. The clay is light gray and grayish olive and tends to be 
massive and of uniformly fine grain size as indicated by its plastic nature when wet and 
conchoidal cracking pattern when dry. The upper 20-30 cm of the unit in Trench 4 is 
grayish yellow and contains fine and very fine sand in a mud or clay matrix. Carbonate 
and gypsum are absent throughout the unit. Horizontal fine lamination occurs indistinctly 
in a number of places throughout the unit but is often obscured by shrinkage and 
conchoidal cracking where the sediment has dried. Sand occurs as thin ( <1 cm) laminae 
which are discontinuous horizontally as sand layers at -7.13 m and -7.71 m AHD do not 
appear at the same elevation in adjacent trenches . The sand lenses consist of dull and 
light yellow orange, mostly fine and medium sand with occasional coarse and very coarse 
grains in some layers. The yellow orange colours are due to secondary iron and in some 
patches iron oxides/hydroxides are sufficiently abundant to impart strong bright brown 
colouration to the sediment, especially where sand laminae are thicker and grain size is 
coarser. At -7.46 m AHD there is a 3-4 cm thick layer which consists of light gray clay 
laminae 1-4 mm in thickness very finely interlaminated with strong bright brown fine and 
medium sand laminae up to 1 mm in thickness. The sand lenses contain minor amounts of 
discoidal secondary gypsum. 
The fine texture and fine lamination of this unit suggest deposition in quiet water 
conditions, most probably lacustrine. Because of the limited exposure of the unit its lateral 
extent is unknown and it is not clear if it represents a thick, within-valley ox-bow or 
billabong lake or an arm of an enlarged palaeo Lake Eyre. The thickness of the unit(> 233 
cm) suggests the latter is more likely. Upstream of Trench 1, about 100 m from Trenches 4, 
5 and 6, an exposure close to waterhole water level (-11 .26 m AHD) indicated the same 
laminated fine sediment lithology characteristic of Unit P occurs at that level. If 
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Fig. 4.15. Trenches 4, 5 and 6, Whip Well Site, Warburton Creek. 
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continuous with Unit P, this suggests a thickness exceeding 5 m for the unit which must 
represent a prolonged period of widespread permanent deep-water lacustrine conditions. 
The thin sand laminae and lenses probably reflect the close proximity of the palaeo-
Warburton and may represent minor oscillations of lake level and the influx of fluvially 
derived material. The finely interJaminated muds and sands at -7.46 m AHD indicate 
regular influx of floods into a-nearshore lacustrine or deltaic environment. The unit does 
not contain primary gypsum evaporites or indications of permanent salinity stratification, 
such as very dark colours and extremely fine lamination, suggesting that the lake was not 
highly saline, at least in this part close to the Warburton influx. Given these suppositions 
the sediment would be expected to contain abundant lacustrine biogenic and bio-induced 
carbonates, but Unit P is non-calcareous throughout. The existence of secondary iron 
oxides/hydroxides in the sand layers, often in abundance, indicates the movement of low 
pH groundwater through the sediment which has probably dissolved and removed primary 
carbonates. 
Shallow-water or fiuvial sand (Unit 0): At -6.48 m AHD there is a sharp transition to 5 cm 
of light yellow, clean, fine to very fine, well rounded and sorted quartz sand. The unit has 
fine lamination owing to variations in grainsize with the cleaner coarser laminae having 
darker brown colours because of the presence of secondary iron oxides/hydroxides. This 
unit represents the onset of shallow-water higher energy deposition as the lake shallowed. 
The lack of diagnostic sedimentary structures or microfauna prevents discrimination of 
depositional conditions between fluvial or shallow water lacustrine. 
Laminated lacustrine clay and sand (Unit N): At the top of Trench 4 are 30 cm of gray finely 
interlaminated clay and fine sandy clay. This unit represents a return to lacustrine 
conditions with the abundant fine sand laminae indicating the strong influence of flood 
influx from the palaeo Warburton with deposition perhaps as bottom set beds in a distal 
delta environment. 
4.3.2 Trench 3 
Trench 3 was sited at the mouth of a large gully, lateral to the Warburton channel, which is 
of considerable antiquity as it has been truncated by the cliff erosion at the valley margin 
and now forms a "hanging valley" which contains a few metres of modern infill. The 
presence of the gully seems to have extended the depth of natural cliffing which, with some 
excavation at the base of the cliff, exposed the stratigraphy into the top of the bench-
forming sedimentary unit. The sequence is illustrated in Figure 4.16 and Plate 4.7 C and 
described from base to top. 
Laminated lacustrine clay (Unit M): At the base of the trench are 29 cm of grayish olive to 
light yellow, finely laminated clay which has discontinuous very fine sand partings. The 
clay tends to be massive and of uniformly fine grain size as indicated by its conchoidal 
cracking pattern. The very thin sand laminae (<<1 mm) are horizontal and discontinuous 
and are stained bright yellowish brown owing to the presence of secondary iron 
oxides/hydroxides. A mild reaction to 10% HCl indicates the presence of some fine 
grained carbonate of unknown origin and secondary displacive discoidal gypsum crystals 
occur. Unit Mis associated with the bench in the cliff profile and, although about 1.4 m 
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Fig. 4.16. Trench 3, Whip Well Site, Warburton Creek. 
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separates the base of Unit Min Trench 3 from the top of Unit Nin Trench 4, there is no 
indication in the slope profile of a major change in lithology or stratigraphic break between 
the two units. Unit M is therefore assumed to represent the top of the lacustrine clay 
sequence which forms the lower part of the sequence (Units N, 0 and P). It was clearly 
deposited in a moderately deep-water lacustrine environment with the abundant thin very 
fine sand partings indicating some proximity to the influence of regular flood inflows from 
the palaeo-Warburton. 
Fluvial sand (Unit L): The lacustrine clays are abruptly overlain by 1 m of mostly clean, 
light yellow orange, horizontally laminated sand. At the base of the unit (Sub-unit L3) are 
6 cm of medium to coarse, well rounded and sorted, quartz sand with horizontal 
lamination and occasional discontinuous muddy very fine sand drapes. The presence of 
secondary iron oxide/hydroxide staining imparts a bright yellowish brown colour to the 
sub-unit. Occasional white coarse grains are calcareous and are probably detrital grains of 
Etadunna Formation dolomite. Sub-unit L2 consists of 8 cm of light yellow orange, clean, 
indistinctly laminated medium quartz sand. The major portion of the unit (Sub-unit Ll) 
consists of 85 cm of light yellow orange, clean, medium to coarse, well rounded and sorted, 
quartz sand which contains occasional white grains of detrital Etadunna Formation 
dolomite. Sub-horizontal, occasionally wavy, lamination is evident and occasional 
discontinuous mud drapes occur. The grainsize and lamination suggest deposition in a 
moderately high-energy environment which is interpreted as fluvial due to the wavy 
lamination, occasional mud drapes and lack of primary biological carbonates. The wavy 
horizontal lamination suggests a channel marginal environment. 
Ripple-cross-laminated fluvial sand (Unit K): The lower fluvial sand is overlain by 40-60 cm 
of clean, light yellow orange, well rounded and sorted, fine quartz sand with abundant, 
thin, discontinuous, orange mud drapes. The unit shows well developed ripple cross 
lamination, probably climbing ripples, which are disrupted and contorted, occasionally 
severely, by soft sediment loading deformation of the unit. The same deformation process 
has resulted in an irregular wavy upper boundary of the unit with a resulting variation in 
the thickness of the unit of up to 20 cm. The unit was deposited in a moderately high-
energy fluvial environment probably in a channel-marginal setting. Burial by the overlying 
fine sandy mud unit must have happened soon after deposition ceased which prevented 
dewatering of the fine sand unit resulting in loading deformation. 
Fine sandy mud unit (Unit J): The climbing-ripple cross-laminated sand unit is overlain by 
8-28 cm of grayish yellow fine sandy mud interlaminated with thin mud-rich layers. The 
sandy mud which is the dominant lithology consists of well rounded and sorted fine to 
very fine quartz sand in a massive mud matrix. The internal lamination and the lower 
boundary of the unit are deformed by soft sediment loading deformation. Carbonate and 
gypsum are both absent from the unit which presumably was deposited in relatively quiet 
fluvial depositional conditions immediately following cessation of the underlying channel-
marginal climbing-ripple sequence. Both units retained sufficient water for loading 
deformation to occur. 
Fluvial sand (Unit I): Abruptly overlying the deformed fine sandy mud are 39 cm of clean 
light yellow orange, fine to very fine, quartz sand. Horizontal lamination at the base 
grades to trough cross-stratification with wedge shaped sets in the middle of the unit and 
to climbing-ripple cross lamination at the top. Thin, discontinuous, bright reddish brown 
mud drapes occur abundantly in the upper climbing-ripple sequence. Secondary gypsum 
occurs as intergrown masses of approximately 1 mm discoidal crystals and aggregates of 
very fine white crystals. The unit was deposited in an active fluvial channel environment 
which probably followed minor truncation of the underlying sandy mud unit. 
4.3.3 Trench 2 
Trench 2 was sited where the older stratigraphic sequence is thickest and the natural cliff 
exposure is greatest about 15 m north east of trench 3. The sequence is illustrated in Figure 
4.17 and Plate 4.7 Band the units are described from base to top. 
Fluvial sand (Unit I): The basal unit in Trench 2 consists of 60 cm of clean, light yellow 
orange, fine to medium, well rounded and sorted quartz sand. Secondary gypsum occurs 
as occasional discrete incorporative discoidal crystals. The sand at the base of Trench 2 is 
only 70 cm higher than the sand at the top of Trench 3 and exposures between the trenches 
suggest no change in lithology occurs. Therefore although the unit is unlaminated in Trench 
2 compared with the climbing ripples at the top of Trench 3 they are included in the same 
unit and represent deposition in an active fluvial channel environment. 
Ripple-cross-laminated fluvial sand (Units H and F): Overlying the unlaminated fluvial 
sand, Unit H consists of 100 cm of mostly fine to very fine sand with climbing-ripple cross 
stratification and mud drapes and Unit F consists of 29cm of similar sediment. Unit F 
and Sub-units Hl and H3 are light gray, fine to medium, well rounded and sorted, quartz 
sand with ripple cross lamination and occasional, thin, discontinuous, orange mud 
drapes. Sub-unit H2 consists of 65 cm of fine to very fine, well sorted and rounded, 
quartz sand with ripple cross lamination and discontinuous, orange mud drapes which 
increase in thickness and abundance towards the base of the sub-unit. These sediments 
were deposited in an active channel-marginal environment. 
Laminated mud and sand (Units G and E): Separating the climbing ripple sand units are 13 
cm (Unit G) of finely laminated dull yellow orange mud and light brownish gray, fine to 
very fine sand. Lamination is horizontal and the mud laminae vary in thickness up to 2-3 
mm. Unit E consists of 109 cm of similar sediment which overlies the upper climbing 
ripple sand of Unit F. Mud laminae of Unit E are of variable thickness and the horizontal 
lamination is contorted in places by loading deformation. Carbonate and gypsum are both 
absent from the units and they are very similar to Unit I in Trench 3. The sediment is 
believed to have been deposited in relatively quiet fluvial depositional conditions 
immediately following cessation of the underlying channel-marginal, climbing-ripple 
sequence. Unit E retained sufficient water for loading deformation to occur. 
Laminated sand (Unit D): Overlying the laminated fine sand and mud, Unit D consists of 
13 cm of clean, light yellow orange, fine to medium, laminated sand which represents a 
return to higher-energy fluvial deposition. 
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Fig. 4.17. Trench 2, Whip Well Site, Warburton Creek. 
Interbedded fluvial sand and mud (Unit C): This unit consists of 61 cm of interbedded light 
yellow orange unlaminated sand and orange mud layers of variable thickness . Irregular 
loading structures occur in the lower part of the unit and the upper mud layers are 
disrupted by vertical cracks filled with sand from adjacent layers. Secondary gypsum 
occurs throughout the unit as irregular intergrown aggregates of displacive discoidal 
crystals and occasionally as sub-vertical or sub-horizontal veins of intergrown crystals, 
which are associated with cracking or bedding. This unit was deposited on the flood plain 
away from an active channel and represents alternation between overbank mud deposition 
and flood sheet sand deposition. 
Laminated gray mud and sand (Unit A): At the top of Trench 2, disconformably overlying 
Unit C, are 44 cm of horizontally interlaminated clean medium sand and light gray mud. 
As in the underlying unit, secondary gypsum is abundant with irregular intergrown 
aggregates of displacive discoidal crystals and sub-vertical or sub-horizontal veins of 
intergrown crystals, which are associated with cracking or bedding. Above the cliff the 
truncated surface of Unit A is exposed over a wide relatively flat surface on which TBM 
93/2 is located. Although it is relatively flat, this surface is at a slight angle to the 
interlaminated mud and sand layers and the variations in lithology, probably enhanced by 
differential gypsum cementation, result in a subdued ridge and swale topography with a 
spacing of 1-2 m and an amplitude of a few cm. In plan the ridges tend to be arcuate and 
probably reflect a channel scroll pattern. Small patches of shell coquina occur on this 
irregular surface and shells found include very large unionids, Corbiculina sp and an 
unidentified large (2-3 cm diameter) spheroidal gastropod. 
Following truncation of the underlying unit, this sediment was deposited in alternating 
conditions of moderate and low energy fluvial deposition probably near the margin of an 
active channel. 
4.3.4 Trench 1 
Trench 1 is a relatively shallow trench located about 20 m north east of Trench 2 in the 
basal channel sands of the initial fluvial cut and fill phase which incises the older 
stratigraphic sequence. The stratigraphy is illustrated in Figure 4.18 and Plate 4.7 A and 
the units are described from base to top. 
Laminated channel sand (Unit B) : This unit consists of 113 cm of fine sand which is 
divided into three sub-units. At the base are 26 cm (Sub-unit B3) of white, clean, well 
rounded and sorted, fine, quartz sand with horizontal lamination and abundant heavy 
mineral grains in some laminae. The base of the sub-unit has abundant orange mud ball 
clasts up to 4-5 cm in diameter which have been reworked from the underlying Unit C mud 
layers, by erosion during incision of the channel. Overlying the basal sand are 50 cm (Sub-
unit B2) of light yellow, well rounded and sorted, fine quartz sand with occasional heavy 
mineral grains and climbing ripple cross stratification. Thin discontinuous mud drapes 
occur throughout the sub-unit. The upper portion of the unit consists of about 35 cm (Sub-
unit Bl) of sand identical to that of sub-unit B2 but without mud drapes and with irregular 
wavy lamination instead of climbing ripples. Unit B was deposited in a high-energy flu vial 
environment as the initial basal channel infill sequence following a phase of incision. 
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Fig. 4.18. Trench 1, Whip Well Site, Warburton Creek. 
Laminated gray mud and sand (Unit A): At the top of Trench 1, overlying the channel sand 
of Unit B, are 15 cm of interlaminated clean medium sand and light gray mud which are a 
lateral equivalent, within the channel, of Unit A at the top of Trench 2. Lamination is at 
an angle as it is aligned with the shape of channel. Secondary gypsum is occurs as irregular 
intergrown aggregates of displacive discoidal crystals and sub-vertical or sub-horizontal 
veins of intergrown crystals, which are associated with cracking or bedding. This sediment 
was deposited in alternating conditions of moderate and low energy fluvial deposition 
probably near the margin of an active channel which had migrated to the north east 
4.3.5 Chronology of the Whip Well sequence 
The older fluvial sequence (Units L to C) has a total thickness of almost 7 min Trenches 2 
and 3, indicating that it represents a major period of fluvial aggradation in the Quaternary 
sequence of the basin. The orange-brown colours of the unit suggest a greater degree of 
post-depositional oxidation than is evident in any of the oxygen isotope stage 5 Katipiri 
Formation fluvial sequences known from the Warburton or Cooper Creek valleys but the 
colours are not as strongly developed as the red-brown colours of the Kutjitara Formation. 
Similarly, secondary gypsum is present in the unit but in much less abundance than in the 
Kutjitara Formation. Thus the sequence is believed to represent a major wet phase in the 
basin which occurred before stage 5 and after the Kutjitara Formation, which is dated to 
>440 ka at Lake Hydra (Callen and Nanson, 1992; see Section 5.2.1.2). The OSL date of 
183.6 ± 25.7 ka from unit I at the base of Trench 2 (Fig. 4.17) supports this suggestion. 
The older fluvial sequence overlies a thick lacustrine sequence with a sharp disconformable 
contact at the boundary. There is no evidence, in the form of pedogenesis at the contact, to 
suggest a major time break between the sequences, but the possibility of removal of such 
evidence by erosion during the initial phase of the fluvial sequence cannot be ruled out. 
The indications of shallowing of water depth in the upper portion of the lacustrine 
sequence, evident from the increased sand abundance at the top of Trench 4 (Units 0 and 
N), suggest that the lacustrine and fluvial sequences are a single wet phase which became 
progressively less effective. 
An OSL date of 108.9 ± 9.5 ka from Sub-unit B2 in Trench 1 (Fig. 4.18) in the basal channel 
sands of the younger fluvial unit demonstrates that the onset of aggradation of that 
sequence was early in oxygen isotope stage 5. 
AAR analyses from mollusc shells from the upper surface of the unit (Fig. 4.14) are 
somewhat inconclusive. Analyses from four unionid shells form a coherent group which 
average 0.808 ± 0.051 but a fifth shell is well outside this range at 0.407. Analyses from 
four smaller bivalve shells (believed to be Corbiculina sp.), which should be contemporary 
with the unionids, average 0.369 ± 0.033. Two analyses from a single Corbiculina shell 
from this sample are 0.407 and 0.170. AAR analyses of these two species, from a range of 
sites, suggests that Corbiculina shells racemize more slowly than unionids and are an 
inferior closed system for protein residues, but the range of AAR values from the Whip 
Well site is much greater that would be expected. This discrepancy and the anomalous 
very-low-value outlier results from both species suggest that diagenetic effects on the 
protein residues have occurred. It is likely, from the stratigraphic context, that these shells 
have been relatively close to the surface for a considerable portion of their post-
depositional history. Meteoric water leaching can preferentially remove lower molecular 
weight proteins which racemize more quickly thus reducing the D /L ratio. On the other 
hand, surface heating effects owing to shallow burial can result in higher than expected 
D /L ratios. Therefore a likely explanation for the D /L ratios being lower than expected at 
Whip Well, is that leaching has been the dominant diagenetic effect as burial was just 
sufficient to minimise surface heating. The likelihood that leaching effects are the dominant 
diagenetic process, is supported by the greater impact on the Corbiculina shells, including 
anomalous results from the same shell, as they are apparently a more open chemical 
system and therefore should be more susceptible to leaching. 
4.3.6 Palaeoenvironmental summary of the Whip Well sequence 
At some time prior to stage 5, probably in isotope stage 7, a prolonged period of 
widespread permanent deep-water lacustrine conditions existed in the basin. There are no 
indications from the Whip Well sequence of permanent salinity stratification, suggesting 
that the lake was not as saline as it was during stage 5. Towards the iater part of this 
period the lake shallowed and the influence of the palaeo Warburton became evident at the 
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Whip Well site with the influx of fluvially derived material into a nearshore lacustrine or 
deltaic environment. 
As the lake dropped further in level, fluvial sedimentation occurred at the Whip Well site 
with deposition of a thick sequence of channel and channel-marginal sandy sediments and 
minor lower energy muds. Following the fluvial aggradation phase, gypsum, which was 
presumably derived from an arid phase deflation event in the basin, was transported to 
the site by aeolian processes. Post-depositional modification of the unit included lateral 
movement of low-pH groundwater which removed lacustrine carbonates and deposited 
secondary iron oxides/hydroxides, particularly in the lacustrine sequence. The fluvial 
sequence has been subjected to post-depositional reddening and pedogenic mobilisation of 
gypsum. 
Early in stage 5, fluvial aggradation commenced at the site as a number of successive 
phases of channel infill incised into the older fluvial sequence. Following this younger 
fluvial aggradation phase, gypsum, was again transported to the site mobilised through the 
sequence by pedogenic processes. 
CHAPTERS: BEACH RIDGES AT LAKE EYRE: 
5.1 INTRODUCTION 
In a study of the palaeohy°drology of a lacustrine system, particularly a closed terminal 
lake, beaches are necessarily an important focus. Beaches record palaeo-lake levels and 
when they can be levelled to a datum and traced in plan they provide information about 
the depth and areal extent of former high stands of the lake. This information can be 
related to the volume of the water body which can be related to the parameters controlling 
inflow into the lake, including palaeo-climates. In order to achieve these aims, it is 
essential to study the stratigraphy and morphology of shorelines and beaches, to level 
them to a common datum and to date them. 
In order to make palaeo-climatic inferences from old raised beaches it is essential to ensure 
that they relate to former high lake levels and have not been raised by tectonic processes. 
In the Lake Eyre Basin, tectonic activity involving gentle warping, tilting and faulting has 
been postulated for much of the Cainozoic including the Holocene (Krieg et al., 1991, Johns, 
1986). A tectonic influence can be ruled out by studying beaches of the same age at 
widespread localities and ensuring that they occur at the same level. Under normal 
circumstances, there will be some natural variation in level due to variations in aspect, 
fetch and energy of beach conditions, presence of aeolian foredunes etc. 
In the Lake Eyre sequence a number of beach ridges occur in an upper group above about 
+5 m AHD (Plate 5.1) and a lower group close to present playa level (below -9 m AHD). 
There are few beach ridges between the upper and lower groups. A beach unit which 
occurs at about -3.5 m AHD at many sites around Madigan Gulf is the only known beach 
feature between the upper ridges and those close to playa level. The actual surveyed 
elevation of beach ridges of the same age varies slightly from site to site for the reasons 
outlined above. For simplicity of discussion, each recognisable set of beach ridges is 
referred to by a nominal whole number elevation (relative to AHD) which is chosen as 
slightly below the average for the crest of that set, because most ridges are capped by some 
post-beach aeolian sediment. For instance, many of the surveyed crests of the nominal +5 
m AHD beach ridges are between +6 and +6.5 m AHD. 
5.2. STRATIGRAPHY OF BEACH RIDGES 
5.2.1. Upper Beach Group 
The upper group of beach ridges occurs on the upwind margin of the lake, south and south 
east of Lake Eyre South (Krieg et al., 1992, Nanson et al., in press) extending to Lake 
Clayton (Fig. 5.1). Surveying during this project has recorded beaches at equivalent levels 
on Hunt Peninsula where beach ridges, well above lake level, have been long been 
recognised (Williams, 1975 ). Dulhunty (1979) reports beach ridges, apparently equivalent 
to the upper group, also on the western margin of the lake at least in the Belt Bay region. 
However, preliminary work in the Neales Fan area (Croke et al., 1996; in press), has not 
been able to differentiate beach features from similar trending north-south longitudinal 
dunes or gravel covered bars from high river floods . Although the southern shoreline of 
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Lake Eyre is the upwind margin in terms of the regional wind pattern and resultant of sand 
shifting winds, high-velocity winds can occur from all directions. At levels of +5 m AHD 
and above the lake was an extremely large water body and the considerable fetch allowed 
for high-energy beach conditions. Gravels are common especially in the region where shore 
erosion of resistant silcretes and inflowing creeks draining bedrock terrain have provided 
~bundant sources. Away from bedrock and silcrete outcrops gravels become less 
dominant and are virtually absent north of Lake Clayton. 
The upper group includes ridges at +5 and +10 m AHD, associated with the last major 
high-lake episode .in the lake's history, which are a major focus of this study. The upper 
group also includes higher beach ridges at +25m and +35m AHD which are considerably 
older and have not been investigated in detail. 
Along most of the margin of Lake Eyre South (Fig. 5.1) the terrain rises relatively quickly to 
a height above 12m AHD and consists dominantly of Lower Tertiary and Cretaceous 
rocks, often capped by resistant silcretes. In this area, beach ridges occur close together, 
often abutting, and in places pass laterally into erosive cliffs. They form an irregular 
pattern, passing close to the present lake around promontories and extending farther from 
the lake up the various creek valleys. In the Illusion Plain-Muloorina area, bedrock and 
silcretes are generally no longer present at the surface, and the beach ridges are more 
widely separated across a gently sloping lake floor extending from below sea level up to 
more than 20 m AHD. Figure 5.2 is a simplified map of the Muloorina area which has been 
the main focus for study of the upper group of beach ridges. The landscape around 
Muloorina consists of a series of lake floor plains which slope down gently from south east 
to north west. These are here informally named the Lower Muloorina Plains between the 
+10 m AHD beach ridge and the modern lake and the Upper Muloorina Plains between the 
+35 m AHD beach ridge and the + 10 m AHD beach ridge. 
Western Mining Corporation recently installed a water pipeline across this region from a 
new borefield in the Clayton river area, near Snake Dam, to the Curdimurka area to link 
with the water supply pipeline from its old borefield. The route for this pipeline was 
surveyed and levelled at 200 m intervals and the levels for the 45 km section from Crows 
Nest to the Clayton River (Transect A to A' in Fig 5.2) is presented in Figure 5.3. The 
transect shows the Lower Muloorina Plains, between Crows Nest and the Illusion Plain 
beach ridge and the Upper Muloorina Plains between the Illusion Plain beach ridge and the 
Snake Dam beach ridge. 
Plate 5.1. Beach Ridge at + 10 m AHD at Snake Dam. Lower case labels indicate 
lithological characters and features. br = beach ridge. 
A. Low level aerial oblique looking approximately south across the bed of the Clayton 
River along a broad low beach ridge which has a crest at approximately + 10 m AHD. A 
vehicle track runs along the crest of the ridge in the middle distance. 
B. Ground view of the crest of the + 10 m AHD beach ridge in the Snake Dam area 
showing the surface armouring by gravels which are chiefly quartz and silcrete. 
Plate 5.1. Snake Dam, +10 m AHD Beach Ridge 
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Figure 5.1. Location of beach ridges south and south-east of Lake Eyre. Informal 
site names are in italics. The right inset shows the location of Figure 5.2 and 
the left inset shows the location of Figure 5.12. Small map at top left shows the 
location of the Lake Eyre Drainage Basin (shaded); L =Local western catchment, 
G =Georgina River, D = Diamantina River, C =Cooper Creek, S =Strzelecki 
Creek, LF =Lake Frame. 
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5.2.1.1 + 35m AHD Shoreline 
Features attributed to this shoreline have been tentatively mapped from aerial photographs 
about 15 km to the south and south east of Muloorina (Fig 5.2) . One of the best examples 
occurs where the Muloorina to Marree road crosses the shoreline just south of the Dog 
Fence. At this site there is a broad gravel covered ridge, which has a morphology typical of 
beach ridges in the region, at the margin of higher irregular rolling country to the south and 
the Upper Muloorina Plains to the north. The crest of the ridge was levelled to +35.73 rn 
AHD from bench mark DME 1090. An auger hole at the crest to 4.5 rn indicated less than 
lrn of bright orange-brown gypseous clayey coarse sand and gravel overlying a thick 
sequence of red-brown gypseous sandy clay. There is a massive cemented secondary 
gypsum horizon between about 80 cm and 200 cm. The surface is armoured with a spread 
of silcrete and quartz gravels with well developed desert varnish. This sequence suggests 
that the shoreline is probably mostly an erosional feature with a relatively thin capping of 
beach sediments . The beach sediment has been strongly modified by pedogenesis with 
development of massive secondary gypsum horizon. On the slope down to the Upper 
Muloorina Plains, which occurs over 1-2 km, gullies have incised to the surface of the 
gypsum cemented layer. Bench Mark DME 0771 which is on the Upper Muloorina Plains 
at the Dog Fence gate on the Muloorina to Marree road, is at +23.076 rn AHO. 
Clearly the degraded nature of the +35 rn shoreline as a landscape element and the degree 
of pedogenesis which have affected it are strong indications of considerable antiquity. It 
probably represents a shoreline of early Quaternary or late Tertiary age. 
5.2.1.2 + 25m AHD Shoreline 
In contrast to the +35 rn AHO shoreline, beaches from the +25 rn AHD shoreline are well 
preserved and easily mappable south and south east of Muloorina (Fig 5.2) . An interesting 
feature of this shoreline is the tendency for the beaches to recurve towards the lake at the 
margins of the Frame Creek. Normally when a water body floods a landscape flooding 
extends further along old watercourses and shorelines recurve up the valley away from the 
lake. Clearly, the Frorne has built a fan or delta from the point of debouchrnent through the 
+35rn AHD shoreline and this higher surface has deflected the younger +25rn AHO 
shoreline. 
5.2.1.2.1. Morley Dam beach ridge transect: 
The Morely Darn transect (Fig 5.4) runs due east from Muloorina initially along the Morley 
Darn track then follows a fence line to the beach ridge as the track trends away to the 
south east (B - B', Fig 5.2). The transect extends for almost 11 km across the Upper 
Muloorina Plains lake floor and terminates on the plains behind the Morely Darn beach 
ridge. On the ground the plains appear to be very flat but the surveyed transect shows 
several broad irregularities, which relate to surface drainage, on an inclined surface which 
rises from about 13rn AHO at Muloorina to about 21rn AHO where the beach ridge starts 
rising more steeply to a maximum elevation of about 26.5 rn AHO. The plains behind the 
beach ridge are at about 23rn AHO and are presumed to continue the incline up to a 
shoreline ridge or cliff, to the east, equivalent in elevation to the shoreline on the Muloorina 
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Figure 5.4. Transect from Muloorina to Morley Dam beach ridge (B - B' in Fig. 5.2) 
to Marree road, just south of the dog fence, at around +35m AHD. The Morely Dam ridge 
is a broad feature almost a kilometre in width and is armoured by a continuous spread of 
large gravels dominated by silcrete and quartz clasts. When visited initially, an attempt to 
excavate with a tractor mounted backhoe was unsuccessful due to a dense hard secondary 
gypsum zone at about lm depth. Subsequently, I revisited the site with a truck-mounted 
drill rig and the ridge was drilled with 7 cm solid augers. The transect was surveyed from 
bench mark DM 0772, near Muloorina airstrip, which was re-levelled by the Fugro contract 
survey in 1996. The stratigraphy of the auger hole is described briefly from base to top (Fig 
5.4): 
Morley Dam beach ridge auger hole: 
The auger hole was located near the crest of the beach ridge at 26.48m AHD. The hole 
finished at about 4 m depth in gravel which is overlain by about 1 metre of clean gravelly 
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coarse sand, in turn overlain by about 1 metre of interbedded clean gravel and gravelly 
coarse sand. From about 200 cm to about 75 cm there is a massive hard powdery 
secondary gypsum cementation of gravelly coarse sands. The upper 75 cm consists of 
orange-brown, clayey coarse sand with scattered gravel and diffuse powdery secondary 
gypsum segregations which increase in abundance down the profile. The surface is 
armoured by a continuous gravel spread. No primary lacustrine carbonates were observed. 
This profile is interpreted as a high energy beach deposit which has been strongly modified 
by post-depositional pedogenesis which has mobilised clay and gypsum, derived from 
post-beach-deposition aeolian sources. 
Chronology of the Morley Dam beach ridge: 
As indicated in the auger stratigraphic profile of Figure 5.4, an OSL sample was taken in 
gravelly coarse sands at a depth of 320-345 cm (23.275-23.25m AHD). The high degree of 
post-depositional pedogenic alteration suggests that the ridge is much older than the + lOm 
AHD beach ridge, which is almost certainly early marine isotope (MI) stage 5 in age, and 
the +25m AHD beach ridge thus is likely to be MI stage 7 age or older. Because this 
expected antiquity predates the main focus of this project and because the 100 µm grains 
used for the OSL date are likely to represent a post-beach infill of the coarse gravelly beach 
sediment fabric, the date has been given a relatively low priority and has not yet been 
processed in the laboratory. 
5.2.1.3 + 10m AHD and + Sm AHD Shorelines: 
These shorelines which relate to the last major high-lake episode of the lake have been a 
main focus of this study. Because they are relatively close in age, have similar sedimentary 
characteristics and are often in close physical proximity their stratigraphy is described in a 
single section. At many sites a single transect crosses both ridges. The major exception to 
this relationship is immediately to the west of Muloorina where Frome Creek entered the 
+ lOm AHD lake south of a large irregular ridge (mapped as an undefined ridge in Fig 5.2) 
which probably reflects features in the pre-Quaternary geology. In this area the +lOm 
AHD ridge appears to recurve up the old Frome valley, but clearly the Frome built a fan-
delta into the lake at this point and the +5 m shorelines are deflected towards the lake 
around the delta. Eventually the Frome was blocked at Muloorina by a small longitudinal 
dunefield which has migrated to the north east from its source in the large transverse 
aeolian dune east of the Illusion Plain +5 m and+ 10 m AHD beach ridges. This damming 
has forced the Frome to its present course east of the undefined ridge and into Lake 
Clayton (Figs 5.2, 5.3). 
5.2.1.3.1 Bullysandhill Tank beach ridge transect: 
The Bullysandhill Tank beach ridge transect (Fig. 5.5) is located about 10 km north east of 
Muloorina south of the eastern extremity of Lake Clayton (C - C', Fig 5.2). The beach ridge 
is a relatively isolated feature on the Muloorina Plains lake floor . An apparently lower 
(+Sm AHD?) beach ridge on its lakeward margin has not been levelled. At its south 
western end, the Bullysandhill ridge is a gravel covered subdued feature typical of beach 
ridges in the Muloorina region but is capped by an aeolian dune at its north eastern end. 
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The aeolian capping has a number of large deflation exposures on its crest and flanks 
which contain a surface lag deposit of indurated pedogenic carbonate concretions, 
numerous stone artefacts, and emu and Genyornis eggshell. 
The ridge was first examined by Dr G Nanson and Mr R Callen (Nanson et al., in press) 
who trenched at the crest and took a sample for TL dating. Subsequently, I revisited the 
ridge but was unable to precisely relocate the Nanson and Callen trench. The transect was 
located as close as possible to the mapped location of the Nanson and Callen trench. The 
beach ridge was surveyed and levelled from a permanent marker (SP 400) on Seismic Line 
ASS MA07, which crosses the ridge about 2 km south east of the transect. On a 
subsequent visit, accompanied by Nanson and Callen, it was again not possible to locate 
the original trench site and there was some confusion between N anson and Callen as to the 
location of the trench and the accuracy of the mapped position. A new trench was 
excavated on the line of the surveyed transect using a tractor-mounted backhoe excavator. 
The stratigraphic description presented here is provided from the later pit and, as the TL 
samples taken from that pit were mislaid before processing, the original date has been 
plotted onto the stratigraphy at the depth recorded for that sample. The pit was 
excavated to 190 cm at the crest of the beach ridge at an elevation of +12.55 m AHD, and 
its stratigraphy is described briefly from base to top. 
Bullysandhill Tank beach ridge trench 
Basal, pedogenically-modified, beach gravelly sand (Unit C): At the base of this unit are 28 
cm (Sub-unit C3) of unbottomed, orange, clayey, medium to very coarse sands with 
occasional gravels and discrete dense secondary carbonate segregations. The horizon 
contains pedogenically translocated clay. This grades up to 30 cm (Sub-unit C2) of similar 
sediment with more abundant gravel and more abundant translocated clay. At the top of 
the unit are 46 cm (Sub-unit Cl) of dark orange very clayey medium to very coarse sand 
with sparse gravel. The clay is moderately well organised pedogenically into a matrix, and 
the colour (SYR 6/6) is the strongest orange recorded from any beach ridge profile at this 
elevation. Secondary carbonate segregations occur throughout the sub-unit but are more 
diffuse than those of the underlying sub-units. This unit is a gravelly coarse sand beach 
deposit which has been subjected to substantial post-depositional pedogenic 
reorganisation. Clay, presumably derived from post-beach-deposition aeolian accession 
has been translocated through the profile and organised into a matrix which surrounds the 
coarser primary beach material, imparting a strong orange colour to the unit. No primary 
lacustrine carbonates were observed and there has been substantial precipitation of 
secondary carbonate within the soil profile. 
Gravelly beach sand (Unit B): Sharply overlying Unit C are 23 cm (Sub unit B2) of slightly 
clayey dull orange medium sand with common coarse grains and occasional granule sized 
gravel and fine-earth secondary carbonate segregations. These are overlain by 3 cm (Sub-
unit Bl) of dull orange, slightly clayey, medium to very coarse sand with abundant gravel 
and fine-earth secondary carbonate segregations. This unit was deposited in a beach 
environment with high energy conditions indicated by the gravel-rich upper sub-unit. 
Minor post-depositional pedogenic modification of the unit has occurred. 
Pedogenically modified beach sand (Unit A): This unit consists of 60 cm of orange, clayey, 
medium to very coarse sand with occasional gravel. The clay is organised pedogenically 
and surrounds grains imparting the orange colour which pales down the profile. The sub-
units are differentiated by secondary carbonate abundance. Sub-unit A2 has fine-earth 
secondary carbonate segregations throughout whereas the upper horizon has minimal 
diffuse segregations. There is a coarse quartz and silcrete gravel lag (clasts up to 5 cm) at 
the surface. This unit is a slightly gravelly coarse sand beach deposit which has been 
subjected to post-depositional pedogenic reorganisation. 
Aeolian dune: 
The dune was not trenched or augered and no stratigraphic details were recorded. The 
dune was not surveyed and its elevation near the blow-out exposures about 750 m north 
east of the beach ridge transect, is about 2-3 m above the beach ridge. Primary dune 
material was not examined but the deflation blowouts are excavated to a hard pedogenic 
B-horizon indurated by secondary clay and carbonate. The hard carbonate (or gypsum?) 
pedogenic rhizolith concretions in the lag deposits on the blow-out surface suggest that 
substantial pedogenesis has occurred within the dune unit. The abundance of stone 
artefacts on the blow out surfaces reflects the proximity of stone sources to the site (large 
silcrete gravels on the beach ridge surface; silicified Etadunna Formation in the creek 
immediately east of the ridge). The stratigraphic source of the artefacts in the dune 
sequence is unknown. Eggshell of both emu and Genyornis is abundant on the blow-out 
surfaces. Most of the Genyornis eggshell is fresh and angular whereas much of the emu 
material is abraded, rounded and poorly preserved. This suggests that the Genyornis has 
freshly eroded from the aeolian sediment, at lower levels in the dune, and much of the emu 
is derived from higher levels and has been exposed on the surface for a considerable 
period . . 
Chronology of the Bullysandhill Tank beach ridge transect: 
Chronology for this transect is provided by a single TL date from the beach ridge and from 
AAR analyses and TIMS U-series dates from Genyornis eggshell and AAR analyses and 
AMS radiocarbon dates from emu eggshell from the overlying aeolian dune. 
The TL age of 88.9 ± 15.8 (W1254) (Nanson et al., in press) suggests deposition in MI stage 
5 but the large error prevents correlation to a particular sub-stage. Although there is some 
uncertainty about the exact site of the TL date it is certainly from the Bullysandhill ridge 
and provides a date which relates to the construction of the ridge. The relationship of the 
date to the internal stratigraphy of the ridge, described from the trench on the surveyed 
transect, is much less certain. The profile described by Nanson et al. (in press) has a 
similar three part stratigraphy with secondary colours in all three units but they report the 
presence of shell in all units, abundant in the gravelly unit. While it is certainly possible for 
they same units in a single beach ridge to vary from shell-rich to shell-free, the difference 
suggests that the two trenches are unlikely to be closely located on the beach ridge and 
stratigraphic correlation is speculative. 
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The AAR analyses from fresh angular unweathered Genyornis eggshell fragments, believed 
to be newly derived from low in the aeolian stratigraphy, are remarkably consistent with 
16 individual analyses from 3 samples giving a mean D/L ratio of 0.912 ± 0.032. The 
preliminary calibration of the racemisation reaction for Genyornis eggshell at Lake Eyre 
(Fig. A2.6) suggests an age of just older than 100 ka for this D /L ratio. Two of the eggshell 
fragments analysed for AAR were also dated by Dr L Ayliffe at RSES, ANU using TIMS U 
series methods. One sample (D /L: 0.903) gave an age of 91.9 ± 1.1 ka and the other 
sample (D/L: 0.917) an age of 88.6 ± 1.1 ka. These results, remarkably consistent with 
each other and with the age indicated by the AAR analyses, which suggests that in this site 
eggshell is close to a closed system for uranium (Table 5.1). These two results from the 
lower part of the aeolian unit are close to the age of the TL date from the underlying beach 
ridge and suggest that initiation of the dune closely followed construction of the beach 
ridge, but more luminescence dates from both the beach ridge and the dune are required to 
confirm this proposition. 
Species Field Lab D/L ratio Other date (A = AMS 14C; U = U-series) 
No. No. (Cal. Age) 
Fmu M93A61 8038 0.687 ± 0.105 A (D /L: 0.556) 23,430 ± 215 BP (AA 20892) 
(56.15 ka) 
Fmu M93A62 8039 
Fmu M93A63 7355 0.380 ± 0.029 A (D /L: 0.342) 8,510 ± 70 BP (AA 15134) 
(8.0 ka) 
A 8,175 ±70 BP (AA 15408) 
Fmu M93A63 8040 
Genyornis M93A63 7356 0.903 ± 0.056 
(100.93 ka) 
Genyornis 920703/1 6915 0.920 ± 0.007 
(107.22 ka) 
Genyornis 920703/1 7840 0.910 ± 0.021 U (D/L: 0.903) 91.9±1.1 ka 
(103.5 ka) 
U (D/L: 0.917) 88.6±1.1 ka 
Table 5.1. Bullysandhill beach ridge site, AAR, AMS 14C and TIMS U-
series dates on eggshell. Cal. Age in brackets after the D /L ratio refers to 
· the numeric age estimated from the D /L ratio from the age calibration 
model present in Fig A2.6. 
The poor preservation of most of the emu eggshell suggests that it is derived from higher in 
the stratigraphy and thus exposed to more surface abrasion and weathering. The lower 
D /L ratios obtained supported this suggestion and several fragments were prepared and 
submitted for AMS 14c dating (Section A2.2.3.2). Dates from early MI stage 2 and the 
early Holocene were obtained (Table 5.1) which demonstrate that dune activity was 
revived considerably after initial deposition of the dune on the beach ridge. 
5.2.1.3.2. The Illusion Plain beach ridge transect: 
The Illusion Plain beach ridge transect (Fig 5.6) is located on the northern margin of the 
Muloorina to Crows Nest bore track (D - D', Figs. 5.2,) which is followed by the Western 
Mining water supply pipeline installed in 1996 (Fig 5.3). At this site the beach ridge 
complex spans 3.5 km where the landscape changes relatively abruptly from the Lower 
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Muloorina Plains lake floor, at about 0 m AHO, to the Upper Muloorina Plains lake floor, 
at about +11-12 m AHO. Rather than forming a separate feature, the +Sm AHO beach 
ridge occurs on the lakeward flank of the + 10 m AHO beach ridge with its crest located 
about SOO m to the west of the + lOm AHO ridge crest. To the east of the + lOm AHO 
beach ridge are aeolian ridges including' a broad("" 1.2 km in width) ridge which rises to 
lS.9 m AHD and is the source of a small longitudinal dunefield which extends about lOkm 
across the Upper Muloorina Plain lake floor to the Frome Creek at Muloorina. The +S and 
+ lOm AHO beach ridges at this site were hand trenched and augered and sampled for TL 
dating by Dr G Nanson and Mr R. Callen (Nanson et al., in press) . For this study the +Sm 
AHD ridge was hand trenched and sampled for AAR samples adjacent to the Nanson and 
Callen trench site and the large outer aeolian ridge was augered (by drill rig) to 8.4 m 
depth. The profile across the beach ridge complex was surveyed and levelled by a traverse 
from BM 0774 on the Muloorina-Lake Eyre road (via TBM 92/1). The stratigraphy of the 
+Sm beach ridge trench and the aeolian ridge auger hole are described briefly and the 
stratigraphy from the beach ridges as described by Nanson et al. (in press) is summarised. 
+Sm AHD beach ridge trench: 
This trench was dug to 160 cm depth at the crest of the beach ridge at +6.4 m AHO. The 
basal 2S cm consists of unlaminated, clean, well-sorted, coarse, quartz sand with 
abundant gastropod shell fragments and whole Coxiellada gilesi shells. These sediments 
were deposited close to beach level and the absence of gravel suggests deposition above 
the highest energy wave zone. The upper 13S cm consists of unlaminated clayey orange-
brown sand with rare gravel, shell fragments and whole Coxiellada gilesi shells. The fine 
material has been pedogenically translocated in the profile and decreases in abundance 
down the profile. The colour varies with the abundance of translocated clay from darker 
orange-brown at the top to lighter yellow-orange at the base. The surface is armoured by a 
discontinuous spread of gravel with quartz and silcrete clasts up to 2-3 cm dominant. 
This unit is interpreted as shelly beach sediment, with minor gravel, and the coarse well 
sorted texture of the original beach sediment has allowed eluviation of younger aeolian fine 
sediment to at least 1 m depth. The presence of clay and the resulting expansion and 
contraction during wetting and drying cycles has destroyed primary lamination, mixed 
gravel and shells through the unit and maintains gravel at the surface. 
Aeolian ridge auger hole: 
This hole was drilled with a truck-mounted drill rig using 7 cm diameter solid augers. This 
technique provides approximate stratigraphic information by comparing variations in the 
ease of penetration with material retained on the auger flights, which were examined by 
pulling up the whole column after penetration of each 1.S m long auger flight. Stratigraphic 
boundaries which are reflected by marked changes in the style or ease of auger penetration 
are relatively accurately defined. The exact nature of the stratigraphic components is 
always less certain as the auger process completely destroys all structures and 
contaminates lower sediments with material from overlying units. After augering the 
stratigraphic hole, OSL samples were obtained at selected depths from an adjacent hollow 
auger drill hole, using 60 mm diameter steel sampling tubes hammered into the sediment 
ahead of the hollow augers. 
The basal 110 cm consists of greenish gray sandy clay and clayey sand with secondary 
gypsum nodules, interpreted as lake sediments which form the Upper Muloorina Plains 
and therefore predate the beach ridge complex; there is some post-depositional pedogenic 
modification of the sediment. Overlying the lake sediments are about 130 cm of sand and 
slightly clayey sand, with secondary gypsum nodules, interpreted as nearshore lacustrine 
sand. These are overlain by about lOOcm of orange buff-brown slightly clayey sand with 
frequent coarse grains and gravel, which in colour and texture resemble the pedogenically 
modified beach sediment evident in all beach ridge profiles in the Illusion Plain area. This 
is overlain by about 180 cm of clean slightly clayey medium sand and buff-brown clayey 
medium sand with powdery secondary gypsum throughout. This is overlain by about 9S 
cm of buff brown slightly clayey medium sand with occasional shell fragments and coarse 
sand grains. At the top of the sequence is about 210 cm of buff brown medium sand with 
occasional shell fragments . 
A probable interpretation of this sequence is of basal lake sediments, equivalent in age to 
the Upper Muloorina Plains lake floor, which have been affected by pedogenesis during a 
dry phase and then truncated by subsequent lake shore erosion. Nearshore and beach 
sediments, deposited to about +llm AHD, were modified by pedogenesis and the 
addition of aeolian fine sediment, following drying of the lake. The upper Sm of the 
sequence consists of aeolian sand, mostly derived from deflation from the beach ridges to 
the west and including some lacustrine carbonates, which has been modified pedogenically 
with the development of a relatively thick powdery secondary gypsum zone in the lower 
portion. 
Nanson and Callen trenches: 
This brief stratigraphic description is summarised from Nanson et al. (in press). On the 
+10 m AHD beach ridge Nanson and Callen manually augered at three points and hand 
trenched at one. They describe a thin ("" 30-40 cm) aeolian sand cap overlying about 1 m 
of orange buff gravelly coarse sand with shell, with a TL date of 26.2 ± 3.7 ka (W1239). 
This is underlain by variable thickness of beach gravel and shelly sand with a TL date of 
62.7 ± 6.3 ka (W81S) which overlies a fine sand without shell or coarse grains, interpreted 
as aeolian, with a TL date of 70.0 ± lS.4 ka (Wl240). Underlying the aeolian sands at 
about 2.3 m are gravelly shelly coarse sands. The +Sm AHD ridge was investigated by 
two hand dug trenches and one manual auger hole. They describe the upper 1.Sm as 
brown beach sand with gravels and patchy shell with a TL date at 1 m of 22.8 ± 2.3 ka 
(W816) . This overlies a thin ("" 30 cm) pale green-gray coarse to very coarse sand with 
abundant shell and a TL date of 46.9 ± 7.2 ka (W1241) which grades to 80 cm of fine 
green-grey sand with shell and a TL date of 46.S ± S.l ka (W1242). At the base of the 
sequence at about +3.6 m AHD is a hard gritty sand with shell. Nanson et al. (in press) 
also report radiometric radiocarbon dates from mollusc shells from the +S m AHD beach 
ridge. A combined sample of Coxiellada and Corbiculina shells, which contained some 
calcite (from XRD analyses), from 1.0 to 1.5 m in the upper unit were dated at 33,700 ± 
1000 years BP (CS 787). Shells collected from rabbit burrow spoil heaps on the surface 
were dated to >40,000 years BP (CS 784). 
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Chronology of the Illusion Plain beach ridge Transect: 
Nanson et al. (in press) report TL dates in the 60 to 70 ka range from unmodified beach 
sediment in the + 10 m AHD beach ridge and of 46 ka from unmodified beach sediment in 
the +5 m AHD beach ridge. They also report TL ages of 26.2 and 22.8 ka respectively 
from the upper portion of the-+ lOm and +Sm AHD beach ridges, recognised in this study 
to be modified by pedogenesis and the addition of younger aeolian fine material. These 
upper unit TL ages are inconsistent with dates obtained from mollusc shells from 
equivalent levels by radiocarbon and by AAR. Radiocarbon ages of 33,700 years BP 
(minimum age due to shell recrystallisation, as indicated by the presence of calcite) and 
>40,000 years BP (Nanson et al., in press) are supported by AAR analyses of Cox iellada 
(D /L: 0.8S3 ± 0.096) which suggest a late stage S age for the unit (Magee and Miller, in 
press). Beach ridge chronology and the conflict of AAR results with the TL chronology of 
Nanson et al. (in press) is discussed in detail in Section S.3. 
5.2.1.3.3. TBM 92/1 Site: 
The TBM 92/1 beach ridge transect (Fig S.7) is located about 6 km north of the Illusion 
Plain profile close to where the +Sm AHD and + lOm AHD beach ridge diverge (E - E', 
Figure S.2). At this site the aeolian ridge (with its crest at about + 17m AHD) overlies the 
back portion of the + lOm AHD ridge forming a compound ridge. The ground surface on 
the lakeward side of this compound ridge is covered with gravels up to about + 12m AHD, 
indicating the extent of the beach sediment component of the ridge. A ridge inside the + 
Sm AHD beach ridge, at a slightly lower level and evident in Figure S.2, is the start of an 
arcuate feature which wraps around the northern margin of the Illusion Plain which is the 
lowest part of the Lower Muloorina Plains lake floor . Two stratigraphic trenches were dug 
on the beach ridge transect, Trench 1 at +S.87m AHD on the crest of the +Sm AHD ridge 
and Trench 2 at +ll.S2m AHD near the highest surface gravels on the inner slope of the 
outer compound ridge. The trenches were levelled by a traverse from BM 0774 on the 
Muloorina-Lake Eyre road. The stratigraphy in both trenches is briefly described below, 
from base to top. 
Trench 1: 
Basal nearshore and beach sand (Unit C): The basal unit of the trench consists of 62 cm of 
clean lacustrine nearshore and beach sand with abundant primary carbonates. The lower 
Plate 5.2. Beach Ridge trench profiles, TBM 92/1 Beach Ridge Site. Lower case labels 
indicate lithological characters and features. g = gravel clast; csg =coarse sandy gravel. 
A. View of the upper portion of Trench 1 in the +S m AHD beach ridge, showing the in 
situ pedogenic reddening, lack of sedimentary structures and gravels distributed through 
pedogenically modified zone. 
B. View of coarse sandy gravel layer (Unit B) at about 1 m depth in the + 10 m AHD 
beach ridge. Coxiella shells from this unit have a D /L ratio of 1.029 ± 0.018 indicating an 
early stage S age. Round hole, just above the layer, was TL sample and field gamma 
spectrometry measurement site. 
Plate 5.2 Beach Ridge, TBM 92/1 

lOcm of Unit C consists of clean, fine to medium, slightly clayey, quartz sand with 
common heavy mineral fine grains. Primary carbonate occurs as small shell fragments and 
ostracod valves; lamination is absent and fine sub-millimetre sized yellow-brown iron-
oxide-stained rootlets occur commonly. This sediment is interpreted as nearshore shallow-
water lacustrine sand with aquatic macrophytes. The unit grades up to about 50 cm of 
clean medium to coarse quartz sand which is very calcareous with abundant shell 
fragments, charophyte oogonia, ooids and algal tubes, which was deposited in very 
shallow-water or beach conditions. Secondary gypsum occurs as nodules of large (up to 1-
2cm) intergrown incorporative discoidal crystals. At +4.22m AHD there is a thin 
compacted layer very rich in shell fragments. 
Beach coquina (Unit B): Abruptly overlying the basal sand are 30 cm of shell rich beach 
sediment, consisting of two layers of beach coquina (Units Bl and B3) separated by shelly 
sands (Unit B2). The coquina layers consist dominantly of clean white whole and 
fragmented Coxiellada gilesi shells with minor quartz sand present (medium sand in Sub-
unit B3 and medium to coarse sand in Sub-unit Bl), separated by lOcm of clean coarse to 
very coarse well sorted quartz sand which contains rare gravel, abundant shell fragments, 
common well preserved oogonia and rarer ooids. Unit B has a horizontal lower boundary 
and the sub-units are horizontally laminated parallel to the shoreline and slope down at a 
shallow angle to the west, towards the lake. Unit B is interpreted as beach sediment, 
probably just above the highest energy wave zone, with the coquina layers representing 
mass mortality events in the lake and downwind shoreline accumulation of floating dead 
shells. 
Pedogenically modified beach sediment (Unit A): The upper unit of the sequence consists of 
108 cm of dull orange and yellow-orange gravelly and shelly sand with minor amounts of 
clay (Plate 5.2 A). At the base of the unit (Sub-unit A3) are 30 cm of mostly clean, coarse 
to very coarse, quartz sand with rare gravel, abundant shell fragments and abraded 
oogonia, rare whole Coxiellada gilesi shells and ooids. Minor pedogenically organised fine 
material coats the grains and imparts a dull yellow-orange colour. Overlying the shelly 
sand are 36 cm (Sub-unit A2) of gravelly coarse to very coarse quartz sand with occasional 
abraded oogonia and shell fragments. Pedogenically translocated clay coating the grains 
(argillans) is more common than below and the yellow-orange colour is darker. The upper 
part of the unit consists of 42 cm of coarse quartz sand with rare gravel and rare shell 
fragments and oogonia. Pedogenically organised fine material coating the grains is common 
resulting in an orange colour. The surface is armoured by a discontinuous spread of gravel 
with quartz and silcrete clasts up to 2-3 cm dominant. Primary lamination is absent in this 
unit and it is interpreted as beach sediment altered by pedogenic mobilisation of fines, 
which probably have an aeolian origin. The coarse well sorted texture of the original beach 
sediment has allowed infiltration of this aeolian fine component to about 1 m depth. The 
presence of clay and the resulting expansion and contraction during wetting and drying 
cycles has destroyed primary lamination and mixed gravel through the unit and to the 
surface. 
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Location of profile (E - E') shown on Fig. 5.2. 
Trench 2: 
Basal pedogenic zone (Unit F): At the base of Trench 2, are 20 cm of orange-brown 
unlaminated clayey sand with well-developed white secondary carbonate or gypsum 
segregations. This sediment was probably deposited in a nearshore environment and after 
the lake receded was modified by pedogenesis with destruction of primary sedimentary 
structures by the translocation of fine material and by the growth of secondary gypsum or 
carbonate segregations. 
Nearshore sand (Unit E): Overlying the basal soil horizon are 60 cm of clean medium 
quartz sand with occasional coarse grains and abundant dark heavy mineral fine grains. 
Carbonate occurs as shell fragments and ooids with minor development of fine earth 
secondary carbonate grain coatings. Sub-horizontal lamination is poorly preserved. This 
sand is interpreted as nearshore shallow-water lacustrine sand with minor post-
depositional pedogenic mobilisation of carbonate. 
Nearshore and beach sand (Unit D): This unit consists of 25 cm of medium quartz sand 
with abundant coarse grains and dark heavy mineral fine grains; occasional gravel occur in 
bands suggesting the presence of indistinct sub-horizontal lamination. Carbonate occurs as 
ooids and small shell fragments with minor development of fine earth secondary carbonate 
grain coatings. This sediment was deposited in a more proximal nearshore environment 
than the underlying unit and the presence of gravel rich bands suggest that high energy 
beach conditions existed at times. There has been minor post-depositional pedogenic 
mobilisation of carbonate. 
Beach and Joredune sand (Unit C): This unit consists of 115 cm of white clean well-sorted 
medium to coarse quartz sand with fine dark heavy mineral grains. The unit has distinct 
sub-horizontal lamination and low angle aeolian cross bedding and contains ooids and 
shell fragments with minor development of fine earth secondary carbonate coating grains. 
The unit is interpreted as beach deposition, mostly above wave base with some aeolian 
foredune deposition. Minor post-depositional pedogenic mobilisation of carbonate has 
had minimal impact on preservation of primary depositional lamination. 
Beach gravelly sand (Unit B): This unit consists of 10 cm of clean gravelly shelly coarse 
sand with quartz and rock fragments as the dominant coarse clasts (Plate 5.2 B). 
Lacustrine carbonates are abundant and include shell fragments, ooids, abraded oogonia 
and occasional whole gastropod shells of the slimmer Coxiella type. No lamination was 
observed in this unit which was deposited under high energy beach conditions. 
Pedogenically modified beach sediment (Unit A): The upper unit of the sequence consists of 
100 cm of dull orange and yellow-orange gravelly and shelly sand with minor amounts of 
clay. At the base of the unit (Sub-unit A3) are 12 cm of slightly clayey coarse quartz sand 
containing ooids, abraded oogonia and shell fragments. Lamination is absent with fine 
earth secondary carbonate segregations and minor pedogenically organised clay, which 
coats grains and imparts a dull yellow-orange colour. Sub-unit A2 consists of gravelly 
quartz sand with shell fragments . Pedogenically organised fine material coating the grains 
is more common than below and the yellow-orange colour is darker. The upper part of the 
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unit (Sub-unit Al) consists of 60 cm of quartz sand with rare gravels and rare shell 
fragments. Translocated clay, as grain argillans, are well developed, resulting in an orange 
colour. The surface is armoured by a discontinuous spread of gravel. Primary lamination 
is absent throughout this unit and, as with the upper unit in Trench 1, it is interpreted as 
gravelly and shelly beach sed_iment which has been altered by pedogenic mobilisation of 
fines which probably have an aeolian origin. 
Chronology of TBM 92/l beach ridge transect: 
Chronology for the transect is provided by two OSL ages and AAR analyses of 
Coxiella/Coxiellada and aquatic bird eggshell. Trench 2 was excavated in conjunction with 
Dr G. Nanson of Wollongong University as part of a dating project on northern South 
Australian playas (Nanson et al., in press) . The TL samples from that trench, detailed in 
Figure S.7, were to be processed in the Wollongong luminescence dating laboratory to form 
a key site for correlation between the Wollongong University dating program and this 
thesis project. Unfortunately the TL samples were mislaid and never processed and the 
chronology of the transect is thus at a provisional stage. As discussed in the beach ridge 
chronology section (S.3.), the AAR results suggest that the +10 m AHD outer ridge of the 
transect is early MI stage Sin age and the inner +Sm AHD ridge is late MI stage Sin age. 
The OSL results of 77.1 ± 7.9 ka, from the beach coquina zone (Unit B) and 84.3 ± 7.6 ka 
from the underlying unit (C), of the inner +S m AHD beach ridge, strongly supports that 
proposition. 
5.2.1.3.4. Kangaroo Tank South beach ridge transect: 
The Kangaroo Tank South beach ridge transect (Fig S.8) is located south of the Muloorina 
to Lake Eyre track about three kilometres south of Kangaroo Tank (F - F', Fig S.2). At this 
site the +Sm AHD beach ridge is separated from the +lOm AHD beach ridge to the south 
east by up to 7 kilometres. Evident on aerial photographs are a number of subtle channel 
traces on the lake floor between the +S and + 10 m AHD beach ridges which mark former 
courses of Frome Creek. The Muloorina to Lake Eyre track follows a gap through the +Sm 
AHD ridge which this old stream course followed. Despite having a local relief of about 
2m on the landward eastern side and almost 3m on the lakeward side in an otherwise flat 
featureless terrain, the beach ridge is difficult to differentiate on the ground. The surveyed 
profile (Fig S.8) indicates the classic beach ridge profile of the feature. The surveyed 
transect extends from bench mark DME 0776 across the +Sm AHD beach ridge to bench 
mark DME 077S . An initial misclosure of 0.402 m was not resolved and considered 
unacceptably high. However, data from the Fugro contract survey in the region indicated 
errors of up to 0.9m in the DME bench mark elevations. 
The +Sm AHO beach ridge trench: 
This trench was dug to 16S cm at the crest of the beach ridge at +6.273 m AHD. The 
stratigraphy of the trench (Fig S.8) is described from base to top. 
Basal modified beach sediment (Unit C): The basal 61 cm of the sequence (Unit C) is a 
partly shelly, medium to coarse, nearshore to beach sand unit which has no lamination and 
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Fig. 5.8. Profile across Kangaroo Tank South beach ridge and stratigraphic log of trench 
at the crest of the ridge. Location of profile (F to F') is shown on Fig. 5.2. 
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some secondary organisation of clay, carbonate and gypsum which suggests post-
depositional modification. The basal 17 cm (Sub-unit CS) is a dull yellow orange clayey, 
well sorted and rounded medium to coarse sand which has secondary gypsum occurring as 
discoidal crystals up to 5 mm in size; translocated clay forms a matrix. The layer is 
calcareous (moderate reaction to 10% HCl) but no primary carbonate grains were visible 
suggesting that the carbonate 1s a diffuse fine-earth secondary precipitate. This is overlain 
by 24cm of very similar sediment which lacks secondary gypsum crystals and becomes less 
clayey towards the top (Sub-unit C4). This is overlain by 20 cm (Sub-units Cl-3) of light 
grey and yellowish grey well sorted and rounded, medium to very coarse sand. This sand 
contains shell fragments throughout and the upper part (sub-unit Cl) lacks the very coarse 
sand fraction and contains ooids . The three sub-units contain fine-earth secondary 
carbonate segregations which are well developed in Sub-unit C3, less evident in Sub-unit 
C2 and very diffuse in Sub-unit Cl. 
This unit appears to be a lower energy beach deposit, due to the lack of gravel, perhaps 
with some nearshore deposition. There has clearly been some sub-aerial post-depositional 
modification of the sediment by pedogenic processes with the development of secondary 
carbonate and gypsum zones and some clay translocation. The origin of the clays is not 
clear. The colours are paler than the orange colours of typical of the surface pedogenic 
zone of this and most other beach ridge profiles. This could indicate pedogenesis under 
different climatic conditions or for a shorter duration if under similar conditions. The 
existence of this pedogenically modified unit at the base of the +Sm AHD beach ridge, 
which is not evident at other sites, could relate to sedimentary and/ or topographic 
influence of the nearby Frame Creek delta. The soil zone is truncated and buried by 
younger beach sediment (Units B and A). 
Beach gravel (Unit B): This unit consists of 12 cm of clean well sorted gravel in the 5-
lOmm range (occasionally up to 30 mm) with a well sorted and rounded coarse to very 
coarse quartz sand matrix. The unit has abundant shell fragments and whole Coxiellada 
shells and occasional ooids. Aquatic bird eggshell fragments up to 1 cm, with rounded 
edges occur rarely. The unit sharply truncates the underlying unit and has an irregular 
upper boundary. This unit was deposited in a high energy beach environment. 
Pedogenically modified gravelly beach sand (Unit A): This unit consists of 92 cm of gravelly 
shelly sand which are orange and orange brown due to pedogenic modification of clay. 
The basal 22 cm (Sub-unit A3) consists of dull orange, slightly clayey, well sorted and 
rounded, medium to very coarse sand with abundant gravel. Shell fragments are abundant 
and rare whole Coxiellada shells occur. At the base indistinct lamination is evident with 
lenses of different textured sediments occurring. This is overlain by 30 cm (Sub-unit A2) of 
orange, clayey, gravelly, well sorted and rounded, medium to very coarse sand with shell 
fragments and rare whole Coxiellada shells. The orange colour is due to the presence of 
grain argillans and minor diffuse fine-earth secondary carbonate segregations occur. The 
upper 40 ems (Sub-unit Al) consists of orange, clayey, well sorted and rounded, medium 
to coarse sand with rare shell fragments and rare gravel. The orange colour is due to 
translocated clay as grain argillans. A thin spread of fine gravel occurs at the surface. 
Primary lamination is absent from all but the base of this unit and it is interpreted as 
gravelly and shelly beach sediment which has been affected by pedogenic mobilisation of 
fines . The coarse well sorted texture of the original beach sediment has allowed infiltration 
of the clay which probably has an aeolian origin. The presence of clay and the resulting 
expansion and contraction during wetting and drying cycles has helped destroy primary 
lamination and mixed gravel through the unit and to the surface. 
Chronology of the Kangaroo Tank South beach profile: 
Results are not yet available from the OSL samples which are located on Figure 5.8 and 
chronology for the sequence is provided by AAR analyses of Coxiellada shells and aquatic 
bird eggshell from Unit B. As discussed in detail in the beach ridge chronology section 
(5.3.), the AAR results from the Kangaroo Tank South trench suggest that the +5 m AHD 
ridge is late MI stage 5 in age. The pedogenesis which has occurred after the deposition of 
Unit C and prior to truncation and burial by the beach sediments of Unit B implies a 
significant relative age difference between Units C and B. AAR analyses from Unit C or 
the OSL results from Units C and Bare not available to test this proposition. 
5.2.1.3.5. Morris Creek beach ridge transect: 
The Morris Creek beach ridge transect (Fig 5.9) is located 2-3 km north east of Morris 
Creek Bore which is south of Lake Eyre South, about 25 km south-east of the Illusion Plain 
(Fig 5.1). The transect occurs where the lake shoreline meets Cretaceous and silicified 
lower Tertiary (Eyre Formation) rocks which are incised by several creeks which flow 
generally north-west to Lake Eyre South. The beach ridges tend to wrap around the valley 
margins of the larger creeks. At the Morris creek transect the upper + lOm AHD abuts a 
cliffed margin of silicified Eyre Formation, with a massive silcrete outcrop forming a 
plateau up to about + 20m AHD in elevation. To the east the silcrete plateau is absent 
from the Eyre Formation and the + 10 m AHD beach ridge forms a more discrete feature. 
The +5 m AHD ridge forms a separate feature about 700-SOOm inside the +lOm AHD 
ridge. 
The transect was first visited by Dr G Nanson and Mr R Callen (Nanson et al., in press) 
who hand trenched both ridges (Trenches 1 and 2, Fig 5.9) and sampled for TL dating. I 
subsequently visited the site and surveyed the transect across the beach ridges and levelled 
the trenches to bench mark DME 552 near Morris Creek Bore. I revisited the site with Dr G 
Nanson and re-excavated and deepened trench 1 on the crest of the +5 m AHD beach 
ridge, which was described and re-sampled for TL dating, with in situ gamma 
spectrometry for improved dose rate estimations. Additionally, a new trench (Trench 3, 
Fig 5.9) was hand dug on the +10 m AHD beach ridge about 1 km to the east of Trench 2, 
well away from the silcrete plateau. This was done because of the risk of incorporation of 
non-beach material into Trench 2, from the adjacent cliff and Eyre Formation rocks. 
Trench 3 was described and sampled for TL dating, including gamma spectrometry, and 
levelled to TBM 92/5 at Trench 2, established during the previous survey. The TL samples 
resampled from Trench 1 and from Trench 3 were to be processed in the Wollongong TL 
laboratory but were mislaid. The stratigraphy of Trenches 1 and 3 (Fig 5.10) are described 
briefly and the stratigraphy of Trench 2 as described by Nanson et al. (in press) is 
summarised. 
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Trench 1, +Sm AHD beach ridge: 
This trench was dug to 190 cm depth at the crest of the beach ridge at +6.71m AHO. 
Gravelly beach sand (Unit 0): At the base of the trench Sub-unit D2 consists of about 20 
cm of clean coarse to very coarse sand with occasional gravel. The sand is very well 
rounded and well sorted and dominantly quartz but an abundance of silcrete and other 
rock fragments reflects the proximity of a source for those materials. Primary carbonates 
include abundant shell fragments and whole Coxiellada are present. Ooids may also be 
present, but could not be confirmed without thin sections. This sediment grades up to 75 
cm of essentially similar sediment (Sub-unit Dl) which contains much more abundant 
gravel. Unit D was deposited under high energy beach conditions. 
Shelly beach sand (Unit C): This unit consists of 13 cm of clean, very well rounded and 
sorted, coarse, quartz and silcrete sand with rare gravel. Primary carbonates include very 
abundant shell fragments, common whole Coxiellada, occasional ooids, charophyte oogonia 
and algal tube fragments. Unit C was deposited in beach conditions, under lower wave-
energy conditions than the underlying unit. 
Gravelly beach washover sand (Unit B): This unit consists of 57 cm of clean, very well 
rounded and sorted, very coarse, quartz and silcrete sand with abundant gravel. Primary 
carbonates include very abundant shell fragments, common whole Coxiellada, occasional 
ooids, charophyte oogonia and algal tube fragments. Some diffuse fine-earth secondary 
carbonate segregations occur. Large scale cross-beds dip to the south, away from the lake, 
suggesting that the unit was deposited under high energy beach conditions as waves 
slightly overtopped and washed over the beach ridge. 
Pedogenically modified beach sediments (Unit A): The upper unit of the sequence consists of 
25 cm of orange, poorly sorted, clayey, coarse to very coarse sand with occasional gravel. 
Shell fragments occur rarely. Translocated clay coats the grains and imparts the orange 
colour to the unit. Minor diffuse fine-earth secondary carbonate segregations occur. The 
surface is armoured by a discontinuous spread of quartz and silcrete gravel. This unit is 
interpreted as slightly gravelly beach sand with infiltration of the coarse well sorted texture 
by younger aeolian fine sediment, by pedogenic processes. The presence of clay and the 
resulting expansion and contraction during wetting and drying cycles has mixed gravel 
through the unit and to the surface. 
Trench 3, +10 m AHD beach ridge: 
This trench was dug to 260 cm depth at the crest of the beach ridge at + 13.85m AHO. 
Gravelly beach sand (Unit F): The base of the trench is a thick (144 cm unbottomed) unit of 
interlaminated beds of gravelly, coarse to very coarse sand and sandy gravel. The sand is 
very clean, well rounded and moderately well sorted and large clasts are dominantly 
quartz and silcrete with other rock fragments present. Shell fragments occur within the 
sand fraction. Secondary gypsum occurs as intergrown, incorporative discoidal crystals in 
irregular cylindrical segregations which apparently cement burrow infills. The 
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Fig. 5.10. Stratigraphic logs of Trenches 1 and 3 at the Morris Creek beach ridge site. 
Location of trenches shown on Fig. 5.9. 
interlaminated beds within the unit are 5-10 cm in thickness and dip gently towards the 
lake, suggesting that the unit was deposited in a high-wave-energy beach environment with 
sediment sufficiently abundant for the beach to prograde towards the lake. 
Gypsum cemented gravelly beach -sand (Unit E): This unit consists of 11 cm of clean well-
sorted and well rounded gravel around the 1 cm size class with a coarse to very coarse 
well rounded and sorted sand matrix. The unit is white in colour due to massive 
cementation by fine grained secondary gypsum which has indurated the layer. Minor 
carbonate occurs associated with the secondary gypsum. The unit was deposited under 
high-energy beach conditions and has been selectively cemented by post-depositional 
secondary gypsum, perhaps due to particular textural characteristics. 
Gravelly beach sand (Unit D): This unit consist of 47 cm of gravelly, very clean, coarse to 
very coarse, well rounded and well sorted sand with abundant gravel. The sand is 
dominantly quartz and silcrete with other rock fragments present and shell fragments occur 
frequently and ooids occasionally. Indistinct sub-horizontal lamination occurs and the unit 
was deposited under high-energy beach conditions. 
Gypsum cemented gravelly beach sand (Unit C): This unit consists of 8 cm of white, gravelly, 
coarse to very coarse sand, similar to Unit E, which are massively cemented by fine grained 
secondary gypsum. Minor carbonate occurs associated with the secondary gypsum. The 
unit is of uniform thickness with irregular upper and lower boundaries and truncates Unit 
D at a relatively steep angle. The sediment was deposited under high-energy beach . 
conditions and has been selectively cemented by post-depositional secondary gypsum, 
perhaps due to particular textural characteristics. Elongated sub-vertical "pipes" of 
gypsum cementation extend up to 40 cm into the underlying gravelly sands of Unit D. As 
the texture of Unit D would not favour the occurrence of shrinkage cracks, these unusual 
features must have an origin associated with downward transport of gypsum in solution, 
in association with pedogenic processes. 
Gravelly beach sand (Unit B): This unit of dull orange, slightly clayey, gravelly coarse to 
very coarse sand is of variable thickness as it infills the irregularities in the underlying 
secondary gypsum unit. The fine material forms grain argillans and has been pedogenically 
translocated. Diffuse fine-earth secondary carbonate segregations also occur. This unit is 
interpreted as beach sediment which has infilled an irregular surface on the beach ridge. 
Pedogenically modified beach sediment (Unit A): The upper unit of the sequence consists of 
30 cm of orange, poorly sorted, clayey, medium to coarse sand with occasional gravel. 
Pedogenically translocated clay coats the grains and imparts the orange colour to the unit. 
The surface is armoured by a discontinuous spread of quartz and silcrete gravel. This unit 
is interpreted as slightly gravelly beach sand modified by pedogenic processes, similar to 
the upper part of Trench l. 
Trench 2, +10 m AHD beach ridge: 
Trench 2, excavated by Nanson and Callen, was on the +lOrn AHD beach ridge abutting 
the cliffed margin of the silcrete plateau at +12.6 AHD. Nanson et al. (in press) report a 
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200 cm deep trench with about 2S cm of gravelly, medium to coarse sand at the base, 
overlain by 30 cm of well sorted gravel. This is overlain by about 80 cm of gravelly coarse 
sand, with scattered very large clasts. Shell fragments and secondary carbonate occur at 
the base of this unit. This is overlain by about 30 cm of gravel with some large silcrete 
cobbles. They report this unit to be cemented by calcrete but by correlation to Trench 3 it 
seems more likely that secondary gypsum cementation is present. The upper 30 cm of the 
sequence is an orange-brown sandy gravel, with a surface spread of coarse gravel clasts. 
A detailed correlation to Trench 3 is not possible but the sequence as described by Nanson 
et al. (in press) clearly consists of similar high energy beach deposits, with evidence of 
secondary gypsum cementation within the sequence and a pedogenically affected upper 
portion. The probable existence of coarser, more angular clasts through the sequence 
reflects the extreme proximity to the silcrete plateau source. 
Chronology of the Morris Creek beach ridge transect: 
Nanson et al. (in press) report TL ages of 111 ± 18 ka (W 1243) and 1S4 ± 2S ka (W 1244) 
from the basal layers of Trench 2. These suggest deposition early in MI stage S, and 
perhaps earlier, but the large errors (due to the signal being close to saturation) and the 
uncertainties of dose rates (due to the lack of in situ gamma dose measurement in 
sediments containing abundant clasts, of variable lithology, up to cobble size) suggest 
caution in interpreting the results. Nanson et al. (in press) also report a TL date of S4.9 ± 
9.2 ka (W 124S) from gravelly coarse beach sands of Unit 0 at about 1.S min Trench 1. 
The AAR analyses presented in Figure S.10 were reported by Magee and Miller (in press) 
and were obtained from whole Coxiellada shells. The 0 /L ratios from Units B and C agree 
with those from a number of sites on the +Sm AHO beach ridge, and as discussed in detail 
in the beach ridge chronology section (S.3.), suggest a late MI stage Sage for the +Sm AHO 
beach ridge. The implied conflict with the TL date of Nanson et al. from the underlying 
Unit 0 is discussed in the beach ridge chronology section (S.3.). There is probably no 
significance in the small reversal between the 0 /L ratios of Units B and C with the values 
overlapping within the error limits. The O/L ratio from the lowest unit (0.909 ± 0.041) is 
outside the range of the two overlying samples and is the highest ratio obtained from any 
site on the +Sm AHD beach ridge. This establishes the distinct possibility that Unit 0 is 
an older beach phase and there is a significant time break at the base of Unit C. 
The joint field work with Nanson and Callen including reopening of Trench 1 and 
excavation of a new Trench on the +10 m AHO ridge, which included resampling for TL 
dating with associated in situ gamma spectrometry, was aimed at resolution of some of 
these uncertainties in the initial TL chronology and the inconsistencies with the AAR 
results. However, the loss of the TL samples before processing in the Wollongong TL 
laboratory, has prevented resolution of these issues. 
The significance of the time break at the base of Unit B in Trench 3 (Fig S.10) and the 
relative age of the underlying post-depositional gypsum which cements Unit C are not 
clear. The sharp break and the irregular surface at the top of the gypsum suggest that 
erosion occurred after gypsum cementation. However, the sharp lower boundary and the 
similar sharp boundaries of the lower gypsum cemented horizon (Unit E) suggest that 
gypsum cementation post-dates the whole sequence and selectively occurs in sediment of 
particular lithology or texture. 
5.2.1.3.6. Gunbarrel Track beach ridge transect: 
The Gunbarrel Track follows a Muloorina Station stock watering pipeline about 23 km 
north north east from Jackboot Bore (Fig 5.1) then extends a further 5 km to the southern 
boundary of the Elliott Price Conservation Park near the shoreline of Madigan Gulf ( A -
A', Fig 5.12). The transect (Fig 5.11) parallels the northern 10 km of the track which 
crosses the + 10 m and +5 m AHD beach ridges and these local topographic high points are 
utilised as sites for stock water storage tanks. Etadunna Formation silicified dolomite is 
close to the surface over much of Hunt Peninsula and a lag of gravel sized clasts of this 
material covers much of the surface of the transect and is the dominant clast in the beach 
ridge gravels. The transect was surveyed to a datum peg at the Elliott Price Conservation 
Park entrance gate established by Dr J.A. Dulhunty during an east-west survey across Lake 
Eyre in 1972. The accuracy of the elevations obtained from this datum was later 
confirmed using levelled points established at the stock water tanks by the Fugro contract 
survey of 1996. 
The transect (Fig 5.11) indicates a continual slope down from the +10 m AHD ridge to the 
elevation of the datum peg at -6.35 m AHD, with the exception of a horizontal bench at an 
elevation about 0 m AHD between 4 and 2.5 km from the northern end of the transect. 
There is no obvious expression of this bench on the ground and it is not clear if it relates to 
a Quaternary shoreline of lake Eyre or reflects a feature of the underlying Etadunna 
Formation. The latter is considered more likely as the transect does not show a similar 
bench associated with either the +5 m or +10 m AHD beaches and Quaternary shoreline 
features at 0 m AHD elevation are unknown from elsewhere in the basin. 
Rabbit warrens are preferentially located on the beach ridges and take the form of 
approximately circular areas, 20-30 m in diameter where multiple burrow entrances, and 
associated spoil, result in a mound up to 50 cm higher than the surrounding surface. The 
existence of "fossil" warrens which have no open burrow entrances and show no signs of 
recent occupation, suggests that these features may have been excavated by marsupials 
(bettong? bilby?) before the introduction of rabbits. The presence of beach sediments in 
these ridges was confirmed initially by collection of relatively abundant lacustrine molluscs 
from the spoil heaps of many of these rabbit warrens. Rare aquatic bird and Genyornis 
eggshell were also obtained from the rabbit burrows. The beach ridges have been hand 
trenched to shallow depth and Coxiellada shells obtained from the trenches. The 
stratigraphy of the trenches is described briefly. 
+5 m AHO beach ridge trench: 
This trench penetrated to 65 cm depth on the crest of the +5 m AHD ridge at an elevation 
of +6.90 m AHD. The basal 15 cm consists of yellowish buff, slightly clayey sand with 
occasional gravel and small secondary gypsum/ carbonate segregations. Shell fragments 
are common and occasional whole Coxiellada shells occur. This is overlain by a 5 cm layer 
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Figure 5.11. Gunbarrel Track beach ridge profile. Location of transect (A - A') is shown on Fig 8.12). 
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with very abundant whole Coxiellada shells in a matrix of sand and shell fragments . The 
upper 45 cm consists of orange brown clayey sand with occasional gravel and secondary 
gypsum/carbonate segregations throughout, with the densest concentration in the middle 
15 cm. This sediment was deposited in a beach environment under moderate-energy 
conditions and has been modified by post-depositional pedogenesis. 
+ 10 m AHD beach ridge trench: 
This trench penetrated to 100 cm depth on the crest of the +10 m AHD ridge at an 
elevation of +11.120 m AHD. The basal 16 cm consists of buff coloured medium to coarse 
sand with rare gravel and secondary carbonate/ gypsum segregations. Coxiellada shells 
occur and a sample of shells and non-ratite eggshell was concentrated by sieving sediment 
from this horizon. The overlying 60 cm consists of orange buff coloured slightly clayey 
medium to coarse sand with occasional gravel and abundant secondary 
carbonate/ gypsum segregations; shell fragments occur rarely. The top 25 cm consists of 
orange clayey medium to coarse sand with occasional gravel. This sediment was 
deposited in a beach environment under moderate-energy conditions and has been 
modified by post-depositional pedogenesis. 
Species Field Lab. Analyses D/L ratio Beach Sample site 
No No. ridge 
Non-ratite 941025/2 7604 5 1.012 ± 0.072 +lOmAHD Rabbit warren 
Non-ratite M95A28 8046 5 1.106 ± 0.082 +lOmAHD Rabbit warren 
Non-ratite M95A29 7837 5 1.059 ± 0.050 +lOmAHD 80-100 cm in trench 
Genyornis 941025/2 7596 5 1.169 ± 0.094 +lOmAHD Rabbit warren 
Genyornis M95A28 7832 5 1.056 ± 0.038 +lOmAHD Rabbit warren 
Genyornis M95A27 7817 5 1.106 ± 0.082 +lOmAHD Rabbit warren 
Corbiculina M95A27 7854 1 0.756 +lOmAHD Rabbit warren 
Coxiella M95A29 7818 4 0.874 ± 0.040 +lOmAHD 80-100 cm in trench 
Coxiella M95A29 7906 5 0.834 ± 0.067 +lOmAHD 80-100 cm in trench 
Coxiella M95A30 7898 5 0.840 ± 0.060 +lOmAHD 100 cm in trench 
Coxiellada M95A29 7819 4 0.870 ± 0.169 +lOmAHD 80-100 cm in trench 
Coxiellada M95A29 7907 5 0.861 ± 0.060 +lOmAHD 80-100 cm in trench 
Coxiellada M95A30 7897 5 0.847 ± 0.099 +lOmAHD 100 cm in trench 
Genyornis M95A33 7833 4 0.806 ± 0.073 +5mAHD Rabbit warren 
Genyornis? M95A34 7976 1 0.846 +5mAHD 45-55 cm in trench 
Genyornis M95A36 7834 2 0.733 ± 0.168 +5mAHD Dune blowout 
Coxiella M95A34 7851 5 0.749 ± 0.079 +5mAHD 45-55 cm in trench 
Coxiella M95A34 7910 4 0.760 ± 0.120 +5mAHD 45-55 cm in trench 
Coxiellada 941025/1 7591 6 0.618 ± 0.170 +5mAHD Rabbit warren 
Coxiellada M95A35 7908 6 0.734 ± 0.048 +5mAHD 60-65 cm in trench 
Table 5.2. Amino acid racemization results from the Gunbarrel Track beach 
ridge sites. 
Chronology of the Gunbarrel Track beach ridges: 
A preliminary chronology for the Gunbarrel Track beach ridges has been provided by 13 
AAR samples (total of 59 individual analyses) from the +10 m AHD ridge and 7 AAR 
samples (28 individual analyses) from the +5 m AHD ridge (Table 5.2). Samples include a 
number of mollusc species and aquatic bird and Genyornis eggshell and include collections 
made from rabbit warrens and from trenches. As detailed in the general beach ridge 
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Fig. 5.12. Simplified geomorphologic map of the Hunt Peninsula area showing some 
shoreline and beach features and study sites. 
chronology section (5.3.) these AAR analyses are part of a large suite of data which 
suggest an early stage 5 age for the +10 m AHD ridge and a late stage 5 age for the +5 m 
AHD ridge. All samples from the Gunbarrel Track sites are in good accordance with that 
proposition. In particular, the D /L ratios of the suite of 6 Coxiella/Coxiellada samples from 
the + 10 m AHD ridge trench and the 3 Coxiella/Coxiellada samples from the +5 m AHD 
ridge trench form tight groups at around 0.85 and 0.75 respectively. Additionally, the 
aquatic bird eggshell from the +lOm AHD trench (AAL 7837) with a D/L ratio of 1.059 ± 
0.05 is exactly as preliminary calibration would predict from early MI stage 5 material. 
There is some suggestion of surface heating and diagenetic effects of shallow burial in some 
of the rabbit warren material. If the warrens are indeed pre-rabbit features then they may 
be hundreds of years old giving rise to the possibility that eggshell and molluscs have been 
at or close to the surface for long periods of time. The D/L ratios of aquatic bird and 
Genyornis eggshell from the rabbit warren samples tend to be higher and more variable than 
the single trench sample, consistent with surface heating effects. One anomalous feature of 
the results is the lower D /L ratio for the +Sm AHD ridge rabbit warren Coxiellada (AAL 
7591: D/L: 0.618 ± 0.17)) by comparison with the trench Coxiella/Coxiellada samples (mean 
D /L: 0.75). This is the opposite of what would be expected if surface heating was 
affecting the samples and suggests the possibility (Magee and Miller, in press) of diagenetic 
effects in the mollusc shells which have a lower protein preservation integrity than eggshell. 
In this diagenetic process, leaching has preferentially removed the lowest molecular weight 
fraction, which is the most racemized, resulting in lower D /L ratios. To fully test these 
possibilities requires analyses from a stratified series of shells and eggshell from a deep 
excavation and the surface as well as an independently derived chronology. 
5.2.2. Middle Beach Group: 
The only known occurrence of beach deposits between the upper and lower groups of 
beach ridges is at about -3 to -3.5 m AHD. Shell-rich beach sands and Coxiellada coquinas 
at this level occur at many sites around Madigan Gulf in playa marginal cliff exposures 
(Figs 5.1, 5.2, 5.12 ). At most sites the unit occurs as a stratified deposit overlying a 
sequence of lacustrine sediments and truncated and buried by aeolian sediments of the 
Williams Point Aeolian Unit. The stratigraphy of individual occurrences of the -3m AHD 
beach unit is described in other chapters in the stratigraphic descriptions of each site 
(Williams Point in Chapter 2; Lake Clayton, Sydney Harbour in Chapter 3). 
More rarely an actual beach ridge morphology is preserved. This is the case on Hunt 
Peninsula (Fig 5.12) where photo interpretation suggests that the northern portion of the 
peninsula was a series of islands at this lake level. Preliminary analyses at the Hambidge 
Camp Site and Hambidge Island Site at the margin of one of these islands ("Hambidge 
Island", Fig 5.12) has produced aquatic bird eggshell and Coxiellada shells with D/L ratios 
which indicate correlation to the -3 m AHD beach. Because of the preliminary nature of 
work at those sites, further details are not presented here. 
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5.2.3. Lower Beach Group: 
The lower group of beach ridges occurs slightly above the present playa level and they are 
best preserved along the shoreline of Hunt Peninsula (Fig 5.12). Associated with the playa 
margin, these shorelines are theref9re younger than the 60-50 ka deflation event which 
excavated the present playa arid include beaches built by major flood events of the modern 
ephemeral regime. Along much of the Madigan Gulf shoreline of Hunt Peninsula, usually 
on the landward side of the 1974 beach, is a well-developed beach ridge up to 100 metres 
wide and a few metres high with an elevation at the crest at about -9 m AHD. The size of 
this ridge (nominally the -lOm AHD ridge) suggests a perennial though shallow lake during 
its construction. The beach from the 1974 flooding is a much less substantial feature which 
generally abuts against the -lOm AHD ridge with some minor erosion and more rarely it 
truncates it. 
Dulhunty (1978) described a series of 3 beaches similar in morphology but slightly higher 
than the 1974 beach. These are undated but are believed to represent the highest floods 
since the lake entered the present ephemeral regime about 3-4 ka (Gillespie, et al., 1991; 
Magee et al., 1995). A number of recessional beaches were formed as the lake receded 
from the high point of the 1974 flood . Subsequent floods in 1984 and 1989 rose only to 
about -12m AHD and did not rework any of this material. 
5.2.3.1. Willow Bay beach ridge transect. 
The Willow Bay beach ridge transect (Fig 5.13) is located on the north facing side of 
Willow Head, Hunt Peninsula, a few hundred metres from the north eastern extremity of 
Willow Head (Fig 5.12). At this site is a broad (100-200 m), low relief (1-1.5 m) beach 
ridge with an elevation at about -9 m AHD. At Willow Bay (Fig 5.13) the ridge is 
truncated by the modern shoreline and is exposed in cross section in a low cliff at the base 
of the 1974 beach. Coxiellada shells were collected from rabbit warren spoil heaps and the 
beach ridge was trenched to a depth of 100 cm and Coxiellada shells collected from the 
trench. Coxiellada shells and three Genyornis eggshell fragments were collected by sieving 
from the shoreline cliff exposure of the truncated beach ridge. The transect was surveyed 
using the playa level and the 1974 beach crest as local datum points. This is expected to 
provide elevations accurate to about 0.5 m of AHD, and the transect (Fig 5.13) is labelled 
accordingly as "Metres AHD approximate" . The stratigraphy of the trench is described 
briefly from base to top. 
Willow Bay beach ridge trench: 
The basal 5 cm of the trench consists of clean well sorted and rounded medium quartz 
sand with abundant coarse and very coarse grains and rare gravel. Many of the larger 
clasts are silicified Etadunna Formation grains. Shell fragments occur commonly, as do 
occasional whole Coxiellada shells. Secondary gypsum occurs as aggregates of intergrown 
discoidal crystal rosettes. This is overlain by 50 cm of identical sands without the 
secondary gypsum. In turn, this is overlain by 25 cm of similar sand with diffuse fine-earth 
secondary carbonate segregations and the upper 20 cm is dull orange, slightly clayey and 
has a greater abundance of gravel. Shell material is rare above about 40 cm. This sequence 
was deposited under moderate-energy beach conditions and has been modified by post-
depositional pedogensis which has translocated clay and precipitated secondary 
carbonate and gypsum. 
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Figure 5.13. Plan and profile at the Willow Bay beach ridge site, Hunt Peninsula. 
For location of site see Fig. 5.12. 
Chronology of the Willow Bay beach ridge transect: 
Chronology for the Willow Bay beach ridge is provided by an OSL date from a depth of 75 
cm in the trench, from an AMS 14c date on Coxiellada shell from 90 cm depth in the trench 
and from a number of AAR analyses on Coxiellada shells and Genyornis eggshell (Table 5.3). 
As detailed in the general beach ridge chronology section (5.3.) the AAR analyses suggest 
an age in the 40- 50 ka range for the -lOm AHD beach ridge. This is confirmed by the AMS 
14c date of 35,210 ± 500 (CAMS 9209), which is believed to be a minimum date due to 
recrystallisation of the Coxiellada shells, and the OSL date of 47.3 ± 3.8 ka. 
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Species Field Lab Analyses D/L ratio Beach Sample site 
No No ridge 
Coxiellada M93A54 7161 5 0.543 0.026 -9mAHD Rabbit warren 
Coxiellada M93A55 7140 4 0.571 0.042 -9mAHD 45 cm in trench 
Coxiellada M93A56 7141 4 0.557 0.019 -9mAHD 90 cm in trench 
Coxiellada 930716/2 7213 4 0.510 0.046 -9mAHD 95-100 cm in trench 
Genyornis M96A81 8118 2 0.592 0.003 -9mAHD Cliff section 
Genyornis M96A83 8117 1 0.606 -9mAHD Cliff section 
Genyornis M96A84 8116 1 0.510 -9mAHD Cliff section 
Fig. 5.3. Amino acid racemization results from the Willow Bay beach 
ridge site. 
5.2.3.2. M94 AS Site beach ridge transect: 
The M94 AS site is located on the eastern margin of Hunt Peninsula, a few kilometres 
south of Breakthrough Canyon (Fig S.12). At this site (Fig. S. lS) there is broad low beach 
ridge at about -9m AHD, morphologically similar to the -lOm AHD beach ridge at Willow 
Bay. The -lOm AHD ridge at M94 AS lies parallel to and 100-200 m inland of the 1974 
beach. The 1974 beach is separated from the playa by a wide gently sloping sand-covered 
platform which is presumed to have been cut into the Etadunna Formation by prior 
shoreline erosion. The -lOm AHD beach ridge also sits on this platform. A gully drains 
the platform surface between the two beach ridges and provides a rare natural cross-
section through the 1974 beach. Coxiellada shells were collected from rabbit burrows on the 
-9 m AHD beach, from a trench into the ridge and from the gully wall exposures in the 
1974 beach. The transect was surveyed using the playa level and the 1974 beach crest as 
local datum points. This is expected to provide elevations accurate to about 0.5 m of 
AHD, and the transect is labelled accordingly as "Metres AHD approximate" (Fig S.14). 
M94 AS beach ridge trench: 
This trench was located on the crest of the beach ridge and penetrated to a depth of 7S cm. 
The basal 20 cm of the trench consists of clean sandy gravel with rare whole Coxiellada 
shells. This is overlain by lS cm of white slightly clayey sandy gravel with diffuse 
secondary carbonate/ gypsum segregations. The upper 3S cm consists of clayey sandy 
gravel which is dull orange in colour. There is a gravel lag at the surface. This sequence 
was deposited under high-energy beach conditions and has been modified by post-
depositional pedogensis which has translocated some clay and precipitated secondary 
carbonate and/or gypsum. 
Chronology of the M94 AS beach ridge transect. 
Chronology for this site is provided by AAR analyses of Coxiellada shells from both the 
-9m AHD and the 1974 beaches (Table S.4). The similarity of the -10 m AHD ridge to the 
Willow Bay beach ridge, in its setting, morphology, elevation and stratigraphy is confirmed 
by the identical D /L ratios obtained from both the trench and rabbit burrow samples. 
Species Field Lab Analyses D/L ratio Beach Sample site 
No No ridge 
Coxi ellada M94 A3 7661 5 0.020 0.003 1974 beach Gully wall 
Coxi ellada M94 A4 7662 · 3 0.019 0.004 1974 beach Gully wall 
Coxiellada M94 AS 7663 5 0.538 0.041 -9mAHD 35-40 cm in trench 
Coxiellada M94 A6 7664 5 0.528 0.036 -9mAHD Rabbit warren 
Table 5.4. Amino acid racemization results from the M94 AS beach 
ridge site. 
The discovery of Coxiellada shells stratified in sediments of the 1974 beach was initially 
surprising as limnological surveys of the lake during that and subsequent fillings did not 
report the presence of Coxiellada (Glover, 1989; Williams and Mellor, 1991). In a review of 
the ecology of Coxiella Williams and Mellor (1991) doubted that it could exist in a lake as 
ephemeral as modern Lake Eyre, despite its reported presence in permanent pools in 
tributary rivers close to the lake. Accordingly, the specimens from the 1974 beach at the 
M94 AS site were expected to have been reworked from older deposits, which can occur 
due to the ability of the shells to trap air and float. However, because old shells are even 
more fragile than modern specimens this process requires erosional and depositional 
conditions more gentle than those indicated by the coarse gravel and shingle of the 1974 
beach. The D /L ratios of the shells of 0.02 are modern values, thereby establishing that 
Coxiellada was present in the lake in the 1974 filling. This was further confirmed by an 
AMS 14c date from one of the shells of Fm: 1.3416 0.0082 (AA 19687) which matches 
the 1974 post-bomb atmospheric 14c level. This result strengthens the assessment of 
Magee and Miller (in press) that reworking of whole Coxiellada shells in the high energy 
gravelly beaches of Lake Eyre is unlikely. 
5.2.3.3. M94 A8 and Al2 Sites beach transects: 
These sites are both located on the eastern margin of Hunt Peninsula, M94 A12 at the 
northern end of Breakthrough Canyon and M94 A8 about 7 km further north towards 
Artemia Point (Fig S.12). At both sites an older beach ridge occurs in a similar setting to 
the -lOm AHD beach at the Willow Bay and M94 AS sites, inland and slightly higher than 
the 1974 beach (Fig S.14). However, the M94 A8 and M94 A12 ridges are morphologically 
distinct from the -lOm AHD ridge. Both ridges are narrower and the ridge at M94 A12 has 
distinctly more relief (Fig S.14). In both sites beach ridges occur in a relatively narrow zone 
between the playa edge and higher terrain inland by comparison with the broader flatter 
coasts at Willow Bay and the M94 AS site. Rare fragmented Coxiellada shells were 
collected from both ridges and subjected to AAR analyses. Because the fragments of shell 
were both small and rare, the possibility of reworking from an older unit could not be 
discounted. Transects at both sites were surveyed with the playa level and the 1974 beach 
crest as local datum points, expected to provide elevations accurate to about O.S m of 
AHD. 
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Figure 5.14. M94 AS, M94 AS, M94 A12 beach ridge profiless, Hunt Peninsula 
M94 AB site: 
The elevation of the M94 AS ridge crest is -S.6 m AHD which is not significantly different 
from the Willow Bay and M94 AS -10m AHD ridges when the errors on absolute levels for 
all these sites are co~sidered. The sediments in the M94 AS beach ridge are clean sandy 
gravels with apparently less secondary fine infill and pedogenesis than the -10 m AHD 
beach ridge. The D/L ratios from the Coxiellada (0.406 ± 0.124) are lower than the -10m 
AHD sites and the AMS 14c date of 22,77S ± 30S BP (AA 1S137) also indicates a 
younger age. However, the paucity of analyses and the poor state of preservation of the 
shell fragments requires caution in interpreting these results. Fine shell fragments, close to 
the surface, are especially susceptible to diagenesis which can selectively remove low 
molecular weight proteins, resulting in a lower D/L ratio, and introduce younger carbon 
when aragonite recrystallises to calcite. The shell fragments were too small to carbon date 
the same shell analysed for AAR or to perform a substantial pretreatment leach or to 
determine the aragonite/ calcite ratio by XRD analyses. Because the possibility of 
reworking of shell cannot be ruled out there are three possibilities for the age of the M 94 
AS beach ridge which will require further chronologic and stratigraphic study to resolve: 
1. The beach ridge is coeval with the -10m AHD beaches of Willow Bay and M94 AS and 
has slightly different morphology and stratigraphy due to differences in aspect and 
topographic setting. The shell fragments have been strongly affected by diagenesis, 
reducing the D /L ratios and producing a younger apparent radiocarbon age. 
2. The beach ridge was formed some time between the age of the -10m AHD ridge (4S ka) 
and early MI stage 2 and contains shell fragments reworked from the -10m AHD which 
have been strongly affected by diagenesis. 
3. The beach ridge was formed some time between the age of the -10m AHD ridge (4S ka) 
and early MI stage 2 and contains coeval shell fragments younger than the -10m AHD 
beach ridge shells. 
M94 A12 site: 
Species Field Lab Analyses D/L ratio Beach Sample site 
No No ridge 
Coxiellada M94 AS 7503 4 0.406 ± 0.124 -8.6mAHD Rabbit warren 
Coxiellada M94 A12 7504 4 0.530 ± 0.196 -6.2mAHD Rabbit warren 
Table. 5.5. Amino acid racemization results from the M94 AS and 
M94 A12 beach ridge sites. 
The crest of the M94 A12 site is at -6.2 m AHD and is clearly higher than the Willow Bay 
and M94 AS -10 m AHD ridges even when the errors on absolute levels are considered (Fig 
S.14) . The sediment in the M94 A12 beach ridge is clean sandy gravel with apparently less 
secondary fine infill and pedogenesis than the -10 m AHD beach ridge. The D/L ratios 
from the Coxiellada (O.S30 ± 0.196) are the same as the -10m AHD sites (Table S.S). 
Because the possibility of reworking of shell cannot be ruled out there are two possibilities 
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for the age of the M 94 A12 beach ridge, which will require further chronologic and 
stratigraphic study to resolve: 
1. The beach ridge is coeval with the -10 m AHD beaches of Willow Bay and M94 AS and 
represents a still stand at a higher level at some stage during the lacustrine episode. The 
slightly different morphology and stratigraphy are due to differences in aspect and 
topographic setting. 
2. The beach ridge was formed some time after the age of the -10 m AHD ridge (45 ka) 
and contains shell fragments reworked from the -10 m AHD beach. 
5.2.4. Other beach sequences 
A number of horizons of transgressive and/ or regressive facies, mostly of stage 5 age or 
older , have been described from cores and outcrops of lacustrine sediments at a number of 
points around Madigan Gulf particularly at Williams Point (Magee et al., 1995; Chapter 2) . 
More recently outcrops with multiple transgressive/regressive facies have been examined 
at Lake Dom (Chapter 3) and Hambidge Point near the tip of Hunt Peninsula (Fig 5.12). 
Most are thin beds of coarse well-sorted sands, with a basal disconformity. They are 
characteristically rich in carbonates, particularly the gastropod Coxiellada gilesi which can 
be rich enough to form coquinas. Eggshell fragments, mostly of aquatic birds, are relatively 
common. 
5.3. BEACH RIDGE CHRONOLOGY: 
5.3.1. Thermoluminescence beach ridge chronology: 
Nanson et al. (in press) have reported ten TL ages from the upper beach ridge group and 
the location of each of these ages is described in detail in the stratigraphic site descriptions 
presented above. These ages are listed in Table 5.6. 
Age Date Code Beach Ridge Site 
22.8 ± 2.3 w 816 +5 mAHD Illusion Plains 
46.5 ± 5.1 w 1242 +5 mAHD Illusion Plains 
46 ± 7.3 w 1241 +5 mAHD Illusion Plains 
54.9 ± 9.2 w 1254 +5 m AHD Morris Creek 
26.2 ± 3.7 w 1239 +10 m AHD Illusion Plains 
62.7 ± 6.3 w 815 +10 m AHD Illusion Plains 
70±15.4 w 1240 +10 m AHD Illusion Plains 
88.9±15.8 w 1254 +10 mAHD Bullysandhill 
111± 18 w 1243 +10 m AHD Morris Creek 
154 ± 25 w 1244 +10 mAHD Morris Creek 
Table 5.6. TL dates from the upper beach ridge group from Nanson et al. (in 
press). 
From these dates Nanson et al. (in press) interpreted high levels in Lake Eyre in stage 5, 
with some uncertainty about early stage 5 (W 1243, 1244) and more certainty about late 
stage 5 (W815, 1240 and 1254). They argued strongly for high lake levels in early stage 3 
(W 1242, 1241 and 1254) and also in latest stage 3 and stage 2 (W 816, 1239). 
5.3.2. Optically stimulated luminescence beach ridge chronology: 
Four OSL ages have been obtained from Lake Eyre beach deposits and the location of 
these samples is described in detail in the stratigraphic site descriptions presented above. 
The OSL beach ridge ages are listed in Table 5.7. 
Age Beach Ridge Site 
47.3 ± 3.8 -lOmAHD Willow Bay 
63.1±4,5 -3 mAHD Williams Point 
77.1±7.9 +5 m AHD TBM 92/l 
84.3 ± 7.6 +5 m AHD TBM 92/1 
Table 5.7. OSL dates from beach deposits at Lake Eyre. 
The OSL dates suggest an age of 45 to 50 ka for the -10 m AHD beach ridge, and age 
around 65 to 60 ka for the -3 m AHD beach deposits and a late MI stage 5 age for the +5 
m AHD beach ridge. 
5.3.3. Radiocarbon beach ridge chronology: 
Radiocarbon ages from carbonate fossils from beach sediments at Lake Eyre have been 
reported by several previous researchers (King, 1956; Johns and Ludbrook, 1963; Wells 
and Callen, 1986). Reported radiocarbon ages range from 24,000 ± 300 to 39,200 ± 1300 
years BP; these probably represent minimum ages. Nanson et al. (in press) report 
additional radiocarbon dates from molluscs from Lake Eyre beach ridges. Shells collected 
at 1 to 1.5 m depth and from rabbit burrow spoil from the Illusion Plain +Sm AHD ridge 
are 33,700 ± 1000 and >40,000 years BP respectively. The 33,700 age was believed to be a 
minimum age because of the presence in the shell of calcite, indicating at least partial 
recrystallisation had occurred. In addition, six AMS 14c ages were obtained from the 
middle and lower beach series, described above, in the course of this study. Table 5.8 lists 
all known Lake Eyre beach ridge radiocarbon dates, which indicate that the -10 m, -3 m, 
and +5 m and + 10 m AHD ridges are all beyond the limit of radiocarbon dating. 
5.3.4 Uranium-series beach ridge chronology: 
Although no Uranium-series dates have actually been obtained directly from beach 
deposits, five TIMS U-series analyses have been performed, by Dr L Ayliffe of The 
Research School of Earth Sciences, Australian National University (See Section A2.5.2) on 
Genyornis eggshell from aeolian sediments which directly overlie beach deposits and 
therefore provide a minimum age for the period of beach deposition. These results are 
listed in Table 5.9 
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Lab. No. Age Material dated Site 
radiocarbon years 
BP 
39 ,200 ± 1300 Coxiella/Coxiellada Williams 
Point 
CS472 24,000 +300 I -290 Coxiella/Coxiellada Morris 
Creek 
CS473 35 ,ooo + 1150 I -1000 Corbiculina (?) Morris 
Creek 
CS474 26,200 + 1050 / -950 Coxiella/Coxiellada Snake 
and Corbiculina (?) Dam 
33,700 ± 1000 Coxiella/Coxiellada Illusion 
and Corbiculina (?) Plain 
> 40,000 Coxiella/Coxiellada Illusion 
and Corbiculina (?) Plain 
AA 19009 > 46,100 Non-ratite eggshell Hambidge 
Point 
AA 19010 > 44,400 Non-ratite eggshell Hambidge 
Point 
CAMS 9209 35,210 ± 500 Coxiella/Coxiellada Willow 
Head 
AA 19687 Fm: 1.3416 ±0.0082 Coxiella/Coxiellada Hunt 
Peninsula 
AA 15136 22,775 ± 305 Coxiella/Coxiellada Hunt 
Peninsula 
AA 15137 28,395 ± 425 Coxiella/Coxiellada Hunt 
Peninsula 
Table 5.8. Beach ridge radiocarbon dates, Lake Eyre. 
Beach 
Ridge 
elevation 
mAHD 
- 3.5 
+5 
+5 
+10 
+5 
+5 
-3.5 
-3.5 
-10 
-9.5 
-8.6 
-7.0 
Comments 
Aragonite: Calcite ratio = 0.23 
(Minimum date) 
Aragonite: Calcite ratio = 3.30 
(Minimum date) 
Aragonite: Calcite ratio = 5.30 
(Minimum date) 
Calcite present 
(Minimum date) 
Probable minimum date 
1974 Beach 
Probable minimum date 
Probable minimum date 
Reference 
King (1956); Johns and 
Ludbrook (1963) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Nanson et al _(in press) 
Nanson et al (in press) 
This study 
This study 
This study 
This study 
This study 
This study 
N 
°' 
°' 
Age Beach Ridge Site 
62.9 ± 0.6 -3mAHD Williams Point 
64.3 ± 1.6 -3mAHD Williams Point 
65.6 ± 1.6 -3 mAHD Williams Point 
91.9 ± 1.1 +10 mAHD Bullysandhill 
88.6 ± 1.1 +10 m AHD Bullysandhill 
Table 5.9. Uranium-series dates from aeolian sediments overlying beach 
deposits at Lake Eyre. 
These results suggest that the + 10 m AHD beach ridge at Bullysandhill is older than about 
90ka and that the -3 m AHD beach deposit at Williams Point is older than about 60-65 
ka. 
5.3.5 Amino acid racemization beach ridge chronology: 
By far the most extensive series of chronological analyses from Lake Eyre beach ridge 
sediments at + 10 m, +5 m, -3 m and -10 m AHD have come from AAR analyses of 
molluscs (particularly Coxiella/Coxiellada) and bird eggshell (Genyornis and a large aquatic 
bird) . Use of the AAR technique at Lake Eyre is detailed in Section A2.4. The results 
from analyses from beach ridge deposits are here discussed in detail. The results differ 
from TL ages obtained from the +10 m and +5 m AHD beach ridges by Nanson et al. 
(press) but agree with all other dating methods . These differences are discussed later 
(Section 5.3.6). 
Coxiella and Coxiellada are related lacustrine gastropod genera are by far the most common 
carbonate fossils in beach sediments at Lake Eyre (Section A2.1.2.3.3) and most of the 
AAR results are derived from them. Occurring in association with the Coxiella/Coxiellada 
are much rarer disarticulated Corbiculina bivalve shells and bird eggshell. The most 
common eggshell is from aquatic birds (Section A2.1.2.3.6) with Genyornis eggshell also 
occurring more rarely. 
When using contained fossils to date beach sediments the fossils must not be reworked 
from an older deposit. If sediments containing Coxiella/Coxiellada are subjected to 
subsequent beach erosion the shells can be refloated to a new position because of air 
trapped in the shell. Reworking of Coxiella/Coxiellada by this mechanism has been reported 
from Lake Harry by Callen (Nanson et al., in press) and from Lake Corangamite, Victoria, 
by De Deckker (pers comm). However, several of the sedimentological and stratigraphic 
characteristics of the Coxiella/Coxiellada of the Lake Eyre beach ridges are not consistent 
with an origin by reworking from older deposits. 
Firstly, the shells are small ( <5mm in length) with very thin shell walls. At Lake Eyre old 
shells are particularly fragile, often difficult to remove intact from the sediment matrix. 
Even when well preserved, it is their ability to float which allows the possibility of 
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Beach Ridge Site Coxiellal Genyornis Non-ratite 
Elevation Coxiellada eggshell eggshell 
+lOm AHD Hunt Peninsula 0.850 ± 0.086 1.138 ± 0.09 1.056 ± 0.062 
5 (24) 3 (10) 3 (15) 
Ill us ion Plain 1.029 ± 0.018 
1 (4) 
TOTAL +tom AHD BEACH 0 .876 ± 0.102 1.138 ± 0.09 1.056 ± 0.062 
6 (28) 3 (10) 3 (15) 
+5 mAHD Hunt Peninsula 0.746 ± 0.076 0.781±0.101 
3 (15) 2 (6) 
Morris Creek 0.756 ±0.067 
2 (10) 
Kangaroo Tank North 0.780 ± 0.099 0.911 ± 0.023 
4 (18) 2 (7) 
Kangaroo Tank South 0.756 ± 0.135 0.914 ± 0.016 
1 (5) 1 (5) 
TBM 92/1 0.880 ± 0.055 0.873 ± 0.020 
1 (6) 1 (5) 
Illusion Plain 0.853 ± 0.096 
1 (3) 
RBF Site 0.718 ± 0.041 
1 (5) 
TOT AL +Sm AHD BEACH 0. 77 4 ± 0.092 0.781±0.101 0.900 ± 0.026 
13 (62) 2 (6) 4 (17) 
-3.5 m AHD Williams Point 0.654 ± 0.075 0.706 ± 0.009 0.788 ± 0.158 
5 (25) 3 (6) 3 (14) 
Shelly Point 0.753 ± 0.082 
2 (10) 
Shelly Island 0.668 ± 0.037 
2 (8) 
Tick Cove North 0.657 ± 0.105 
3 (16) 
Sydney Harbour 0.693 ± 0.067 
1 (3) 
Hambidge South 0.766 ± 0.138 
2 (7) 
TOTAL -3.5m AHD BEACH 0.672 ± 0.084 0.706 ± 0.009 0.781±0.138 
13 (62) 3 (6) 5 (21) 
-lOm AHD Willow Head 0.545 ± 0.038 0.575 ± 0.138 
4 (17) 3 (4) 
TOTAL ALL BEACHES 36 (169) 11 (26) 12 (53) 
TABLE 5.10. Mean D-alloisoleucine/L-isoleucene ratios, numbers of amino acid 
racemization samples and individual analyses (figure in parentheses), of different taxa, 
listed by site and by beach ridge elevation. 
reworking. It is highly probable that they can only survive where erosion, transport and 
deposition occur under low energy conditions. Survival of whole reworked ancient shells 
in a high-energy deposition zone, as indicated by the coarse sand and gravel sediments of 
the beach ridges, is extremely unlikely. Secondly, at a number of sites on the +Sm AHD 
ridge (TBM 92/l and Kangaroo Tank north and south, Fig 5.2) and at many sites on the -3 
m AHD beach (eg Williams Point, Fig. 5.2) Coxiella/Coxiellada shells occur in coquinas up to 
25 cm thick. Unless there is a very rich older bed of shells at very close proximity, it is 
extremely difficult to derive a coquina by reworking. Primary deposition due to a mass 
mortality event in the lake is the much more likely origin. Thirdly, Corbiculina bivalve shells 
and bird eggshell, which occur with the Coxiella/Coxiellada in both coquinas and in sandy 
sediments can not be reworked by flotation and it is extremeiy unlikely that they would 
survive multiple reworking in a high energy environment. 
Amino acid racemization results 
Table 5.10 lists the mean AAR results and numbers of analyses from each taxa at 
individual sites from four Lake Eyre beach ridges differentiated by elevation. Most of the 
AAR analyses have been derived from Coxiella/Coxiellada (169) and non-ratite (pelican?) 
eggshell (53) which are aquatic taxa and can be related directly to the lacustrine episode 
which constructed the beach ridge. Genyornis eggshell also occurs in beach sediments (26 
analyses). Very little is known about the ecology of this extinct species, but the abundance 
of its eggshell in beach sediments, by comparison with the complete absence of emu, 
suggests a link to the lacustrine environment. Racemization in eggshell has been calibrated 
by an extensive suite of radiocarbon analyses of emu eggshell (Miller et al., 1997) which 
has been extended recently by U /Th and OSL dating (Miller and Magee, unpublished 
data) and cross-calibration is available between emu, Genyornis and non-ratite eggshell. 
Calibration of the racemization reaction in Coxiella/Coxiellada shell is at an initial stage. 
However, a good calibration point from the Williams Point -3.5 m AHD Coxiella/Coxiellada-
rich beach (Magee, et al., 1995) and a number of cross checks with eggshell have allowed 
an initial estimate of the relationship of D /L ratio to beach ridge elevation and to numeric 
age. 
The AAR data show lower average Coxiella/Coxiellada D /L ratio at lower elevations AHD, 
but there is significant scatter within each of the four prehistoric beach ridges recognised 
(Figure 5.15). It is not yet clear if this represents the degree of natural variability for 
Coxiella/Coxiellada or if the scatter of results is enhanced by either surface heating effects 
and/ or diagenesis. Virtually all samples have been obtained from within one metre of the 
surface, many found on the surface following excavation from shallow depth by rabbit 
burrowing. At the Morris Creek +5 m AHD beach and Gunbarrel Track +5 m AHD beach 
the D /L ratios of more deeply buried Coxiella/Coxiellada tended to be higher than from 
overlying surface or near-surface samples. This is the opposite of what would be expected 
if surface heating was a significant problem. It does suggest the possibility of diagenetic 
effects where leaching has preferentially removed the lowest molecular weight fraction, 
which is the most racemized, resulting in lower D /L ratios. Analyses from a stratified 
series of shells from a deep excavation are required to test these possibilities. 
269 
270 
12 
-
10 -
-
8 -
-
6 -
-
4 
-
-
2 
-
-
-
-2 -
-
-4 -
-
-6 -
-
-8 -
- I 
-10 -~ 
0 
-
-12 
0.5 
I 
I 
t I 
0 o* 
0 
I 
0.6 
l 
l E 
~o~ 
I t I Soo 0 
• 
• • • 
•• ~ ; aa 
• a 
t I 
..• ,~.ft ••• 
' 
E 
I I I I 
0.7 0.8 0.9 1.0 
D-alloisoleucine I L-isoleucine 
0 00 0 
• E 
Coxiella/Coxiellada 
Hunt 0 Peninsula 
• 
Illusion 
Plain 
• 
Williams 
Point 
0 Willow Head 
• Other sites 
+Mean with 
error 
Genyornis eggshell 
0 Hunt Peninsula 
Williams 
• Point 
Willow ~ Head 
Non-ratite eggshell 
E Hunt Peninsula 
Illusion a Plain 
Williams 
• Point 
I 
1.1 1.2 
Figure 5.15. D-alloisoleucine I L-isoleucine ratio of mollusc shell and bird eggshell 
samples from Lake Eyre beach ridges as a function of their elevation. The 36 
Coxiella/Coxiellada samples consist of a total of 169 individual analyses which 
have a much wider spread than the samples. The mean of all Coxiella/Coxiellada 
analyses from each beach ridge elevation is also plotted; the error bars indicate one 
standard deviation of the total analyses in each group. 
Each sample plotted in Figure 5.15 itself represents the average of analyses of 3-5 separate 
shells from the same horizon (eg 169 analyses for 36 Coxiella/Coxiellada samples). Table 
5.11 lists the average D/L for each of the four ancient beach ridges and for modern (1974) 
Coxiella/Coxiellada with an preliminary age calibration derived from: 
1. -10 m AHD beach: A single OSL age from Willow Bay. 
2. -3.5 m AHD beach: An OSL age from the Williams Point sequence where there is 
stratigraphic control from multiple numeric age determinations 
3. +5 m AHD beach: From eggshell AAR from a number of sites and a single OSL age 
from TBM 92/1. 
4. + 10 m AHD beach: From eggshell AAR from a number of sites 
Beach Ridge Mean AHO Coxiellada/Coxiella Number of Age 
metres D/L Samples calibration 
(ka) 
+ lOm AHO Beach ridge 10.39 0.876±0.102 6 (28) 115 
+Sm AHO Beach ridge 5.44 0.774±0.092 13 (62) 80 
-3.Sm AHO Beach -3.25 0.672±0.084 13 (62) 65 
-lOm AHO Beach ridge -10.23 0.545±0.038 4 (17) 45 
1974 Beach -9.50 0.020±0.002 2 (8) 0 
TABLE 5.11. Average elevation and Coxiella/Coxiellada 
D-alloisoleucine/L-isoleucene ratio of major beach ridges, with 
preliminary age calibration. Figures in parentheses after the number 
of samples indicates the number of individual analyses of separate 
shells. 
The calibration of Genyornis and emu eggshell AAR results is discussed in Section A2.4 
and a calibration model based on extensive AMS 14c and OSL cross-dating is presented 
in Figure A2.6. The age estimates in Table 5.11, for the early and late stage 5 beaches, are 
placed at 80 and 115 ka respectively, close to the end of the lacustrine periods as 
determined by OSL, TL, and U /Th dates. Virtually all AAR samples have been obtained 
from the upper sediments on the inner margin of the beach ridges and are likely to 
represent the final phase of the lacustrine event. The minimum age constraints placed on 
the + 10 m and -3.5 m AHD beaches by the U-series results listed in Table 5.9 provide 
additional support for this preliminary calibration. 
On the basis of these calibration points, a parabolic kinetic model is suggested whereby 
D/L is proportional to the square root of sample age (Fig. 5.16) a relationship originally 
proposed by Mitterer and Kriausakul (1989). There are insufficient calibration points to 
delineate different rates of racemization over this period, due to variations in average 
temperature, as has been possible for Genyornis and emu eggshell (Miller et al., 1997; Figure 
A2.6). Further calibration work is required before this kinetic model can be used to 
confidently ascribe numeric ages. However, the AAR results give a clear indication of 
relative age, strongly suggesting that the -lOm AHD beach is younger and the +Sm and 
+ lOm AHD beach ridges are older than the -3.Sm AHD beach. The -3.Sm AHD beach is 
well constrained in age, to beyond 60 ka, by the well-dated Williams Point sequence 
(Magee et al., 1995; Chapter 4); an age supported by TL, OSL and U /Th dates. 
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number of amino acid racemization analyses and the error bars 
indicate one standard deviation (of the total number of individual 
analyses). The age estimates are presently supported by insufficient 
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5.3.6. Discussion of beach ridge chronology results: 
The numeric ages, derived from the preliminary calibration of the AAR results, suggest the 
+Sm ridge is late MI stage Sand the +lOm ridge is early MI stage S. The AAR results agree 
with the OSL dates (Table S.7) and are consistent with both the U-series (Table S.9) and 
the radiocarbon (Table S.lS) results. However, the AAR results are not consistent with TL 
dates obtained by Nanson et al. (in press) of MI stage 2 age from shallow depths in the 
+Sm and the + lOm AHD beach ridges and of MI stage 3 age deeper in the +Sm AHD 
beach ridge. 
Nanson et al. (in press) concluded that high lake levels occurred at Lake Eyre in MI stage 2 
despite the generally accepted picture of glacial age aridity in Australia (Bowler et al., 
1976; Bowler, 1986a; Kershaw, 1988; Bowler and Wasson, 1984; Chappell, 1991; Wasson 
and Donnelly, 1991; Kershaw and Nanson, 1993). As detailed in Chapter 2 in the 
Madigan Gulf sequence, dry playa conditions and the formation of a thick, now buried, 
halite salt crust, are correlated with glacial maximum aridity. Although the salt crust itself 
has not been dated it is overlain by sediments securely dated to the early Holocene and 
overlies lacustrine sediment which is 30,000 years BP or older (Gillespie et al., 1991). The 
Shelly Island unit (Section 2.4) provides strong, well-dated evidence that Lake Eyre was 
dry throughout the period 30,000 to 12,000 years BP, from late MI stage 3 to the end of MI 
stage 2. 
Amino acid racemization results versus thermoluminescence results: 
Most beach ridge samples for AAR analyses came from the side walls of pits up to 1.5 
metres depth, some were obtained from material brought up by rabbit burrowing, probably 
from the upper metre of deposit. At the +5 m AHD Illusion Plain beach ridge, the samples 
were from the same site and a similar depth as the MI stage 2 TL date, stratigraphically 
slightly higher than the oxygen-isotope stage 3 dates obtained by Nanson et al. (in press). 
From the +5 m AHD beach ridge at Morris Creek Coxiella/Coxiellada samples for AAR 
analyses were the same site and depth as the MI stage 3 TL date. 
Both the + 10 m AHD MI stage 2 TL sample (0.8 m) and the +5 m AHD MI stage 2 TL 
sample (1.0 m) are from the upper metre of the sediment profile, close to or within the 
pedogenic zone. In all the stratigraphic profiles described in this chapter from the +Sm 
and +lOm AHD beach ridges, the surface is armoured by gravels which are immediately 
underlain by a soil zone which extends to a depth of about 100 cm. In this zone there is in 
situ reddening, more abundant fine material, a lack of primary sedimentary structure and 
minor development of secondary carbonate and gypsum segregations (Plate 5.2 A). 
Gravels and occasional shells can occur throughout, usually becoming more common with 
depth. At the base of the soil zone there is a transition over 10 to 20 cm to paler sands 
and gravels, with primary sedimentary lamination. Shells are common with the localised 
occurrence of coquinas. Almost certainly, much of the fine-grained sediment in the soil 
zone, represents aeolian sand, silt and clay which has been deposited after construction of 
the beach ridge then physically reworked down the profile by pedogenic processes. These 
processes have destroyed primary sedimentary structures and include illuviation through 
the originally highly porous coarse sand and gravel beach sediments, expansion and 
contraction due to wetting and drying (which is probably the process which maintains the 
surface gravel layer) and bioturbation. 
The disagreement between the AAR results and the MI stage 2 TL dates is very difficult to 
reconcile. The age discrepancy is too large to be explained by errors in the techniques or 
incomplete calibration of the AAR reaction. There is a strong possibility that both MI 
stage 2 TL samples contain younger aeolian quartz which has been reworked into the 
upper portion of the beach ridge by pedogenic mechanisms, as yet poorly understood. 
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However, there is no obvious explanation for the apparent disagreement between the MI 
stage 3 TL dates and the AAR analyses. The early MI stage 3 TL dates from the +5 m 
AHD ridge are from 1.6 and 2.3 m depth at the Illusion Plain and 1.5 m at Morris Creek in 
apparently primary beach material, well below the pedogenic horizons. Although one of 
the Iliusion Plain samples . was .obtained by auger, suggesting the possibility of 
contamination by stratigraphically higher quartz, the date is virtually identical to the 
adjacent sample obtained from the sidewall of a pit. 
Given that the age discrepancy is not large, when the errors of both systems are taken into 
account, the disagreement between the two techniques should not be over-emphasised. 
Although the weight of evidence at the moment suggests that the +5 m AHD beach ridge is 
late stage 5 in age the possibility of a complex stratigraphy containing beach sediments 
from both late MI stage 3 and early MI stage 5 should not be entirely excluded. However, 
other results from this study, including the well-defined chronology of the Shelly Island 
unit and the identification of a substantial beach feature at -10 m AHD in early MI stage 3, 
suggest that the lake has been continuously low or dry throughout the period 60 ka to the 
present (Section 6.2.1) . Final resolution of this conflict in chronological methods will 
require a comprehensive machine excavated cross section which is analysed using multiple 
dating techniques. 
5.4. Lake level, area, volume and palaeohydrological implications: 
This study of beach deposits has led to a good understanding of former levels of Lake 
Eyre, relative to AHD, over the past 130 ka. Beaches of the same age, levelled to a datum 
and traced in plan provide information about the depth and areal extent of former high 
stands of the lake. This information can be related to the volume of the water body as was 
possible for modern Lake Eyre when the extraordinary flood of 1974 made the detailed 
determination of those parameters possible by bathymetric methods (Bye et al., 1978). 
The relationships of lake level (m AHD) to area and volume of the water body which 
Kotwicki (1986) derived from the bathymetry of Bye et al. (1978), are extremely accurate 
for levels up to the height of the 1974 filling (-9.5m AHD). However, above that level, 
extensions of these relationships become progressively more speculative and inaccurate. 
There are two major impediments to calculating similar relationships for the former lake 
levels identified in this study of the upper group of beach ridges at Lake Eyre: 
l. The upper group of Lake Eyre shorelines have only been mapped in two places, on the 
upwind side of the lake. Firstly, on the southern margin of the lake from Curdimurka, at 
the south western end of Lake Eyre South, to the northern side of the Clayton valley, 
east of the southern end of Madigan Gulf. Secondly, in the area between Lake Eyre 
South and Lake Eyre North including Hunt and Babbage Peninsulas. The upper group 
of shorelines cannot presently be traced on the eastern western and northern margins of 
the lake or up the Cooper, Warburton, Kallakoopah or Macumba valleys. 
2. Outside the floor of the present Lake Eyre playa the level of topographic control and 
contouring information is extremely poor. 
When tectonic influence and gross changes in the catchment geometry can be excluded, 
changes in the lake water level must reflect changes in the inflow I evaporation regime. 
However, in order to make palaeohydrological inferences from the lake-level curve derived 
from this study several pertinent points must be considered: 
l. A notable feature of the Lake Eyre region is the paucity of beach ridges between the 
upper and lower groups. Other than the -3.5 m AHD beach deposits no beach sediments 
occur between the upper ridges and those close to playa level. This clearly indicates that 
rises and falls of the lake, particularly the final regression from the +5 m AHD ridge were 
relatively rapid and constant without still stands. This strongly suggests that the lake 
exists either in a full (at about 5-10 m AHD) or near empty state rather than a continuum 
between these levels. This implies a threshold in the hydrology of the basin and its 
response to changes in the precipitation, evaporation and runoff regime. 
2. The -lOm AHD beach ridge occurs at a low elevation, very close to the 1974 beach level 
and below the highest floods of the modern ephemeral regime, recognised by Dulhunty 
(1975). However, in morphology, it is a much more substantial feature than the beaches 
built by the modern ephemeral fillings, which rarely exceed a few metres width and 1 metre 
in height. The -lOm AHD beach ridge is therefore thought to represent a prolonged episode 
of probably perennial lacustrine conditions at this relatively low level, which requires an 
inflow I evaporation regime, quite different to both the preceding stage 5 conditions and the 
modern situation. 
3. Beach deposits from the early Holocene lacustrine episode, recognised from drill cores 
in central Madigan Gulf (Chapter 2), have not been identified despite extensive aerial and 
ground examination. No beaches have been found which are younger than the early MI 
stage 3 beach ridge (-lOm AHD), except for the 1974 (-9.5m AHD) beach and three, 
slightly higher, morphologically similar, features identified by Dulhunty (1975). On purely 
geomorphic grounds Dulhunty estimated the ages of these -6.7m, -7.9m and -8.8m AHD 
shorelines as 3000, 1500 and 500 years respectively. This suggests that the early Holocene 
shoreline was below the level of the 1974 filling, a conclusion consistent with the shallow-
water nature of the sediments in central Madigan Gulf (Chapter 2) but less easy to 
reconcile with the apparently perennial nature of the lake at that time. Such a scenario 
requires a reliable regime of annual small to moderate flood events. 
5. The stratigraphic evidence from the later stage 5 lacustrine sediment sequences 
(Williams Point, Chapter 2, Tick North, Chapter 3) suggest conditions of variable water 
depth and salinity during that phase. However, from the beach ridges there is little 
geomorphic or stratigraphic evidence of regular or prolonged fluctuations in lake level. 
This may be due to the relative lack of exposure of beach ridge sediments and a more 
systematic transect of large trenches across the +5 and + 10 m AHD shorelines might 
demonstrate considerably more complexity than is presently apparent. 
6. No systematic or quantitative analysis of beach gravel was made during this study. 
Qualitative observations suggest that clast size decreased and quartz dominance increased 
away from gravel sources and in successively younger beaches where nearby sources were 
absent. A detailed quantitative study of gravel clast size, shape and mineralogy in relation 
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to age of deposit and distance from source could produce some useful predictive 
relationships. 
Chapter 6. CORRELATION, PALAEOHYDROLOGY 
AND QUATERNARY HISTORY 
6.1. STRATI GRAPHIC CORRELATION 
The Lake Eyre Basin has a fundamental structural origin but evidence that it has been 
tectonically active in the late Cainozoic is unconvincing (Section 1.2). The basin is clearly 
not subsiding rapidly, as indicated by the presence of Oligo-Miocene Etadunna Formation 
sediments, at or close to the surface, across the basin. The chief controls on the location 
and morphology of the lacustrine depo-centre through the Quaternary have been a complex 
interaction of sediment supply, dominant wind direction, and groundwater and surface 
water hydrology (see Section 1.2.3.2). Under the influence of these factors, the Plio-
Pleistocene depo-centre has moved towards the south and west, resulting in a horizontal 
arrangement of the stratigraphy rather than a vertical stack. Superposition of units, the 
most fundamental of stratigraphic information, rarely occurs with more than two units. 
Time-dependent factors, such as degree of reddening or development of secondary 
gypsum, have been used in the basin in the past to differentiate major Plio-Pleistocene 
stratigraphic units, such as the Tirari, Kutjitara and Katipiri Formations and these 
observations have been amplified by mammal biostratigraphy (Tedford et al., 1986; 
Tedford and Wells, 1990). However, stratigraphic correlation in the basin, at a finer scale, 
requires precise numerical chronology. 
This study has resulted in a well-dated stratigraphic and palaeohydrologic record for the 
past 130 ka in the Madigan Gulf region of the Lake Eyre Basin. Other sequences, to the 
east and north east, and beach ridges, mostly along the southern margin of Lake Eyre, have 
been studied and, with a preliminary numeric chronology available, correlation with the 
Madigan Gulf record is attempted here. At the southern margin of the Tirari Desert study 
area, in the Lake Clayton region, where the stratigraphic record is dominated by stage 5 
lacustrine fades, correlation to the Madigan Gulf sequence is excellent, despite a paucity of 
numeric dates. Further north, at sites along the Cooper and Warburton Creeks, the 
stratigraphy is also mostly stage 5 or younger but is dominantly fluvial and correlation to 
Madigan Gulf is less certain, even with numeric dates available. In the central Tirari Desert 
transect, from Lake Hydra to Lake Dom, the sequences are dominantly stage 7 or older in 
age and numeric dates are not currently available for this sequence. It is therefore difficult 
to correlate between sites and to be certain about a stratigraphic framework and the 
relative age of major units. 
6.1.1 Correlation of the Lake Hydra-Sydney Harbour-Lake Dom transect 
The Quaternary sediments studied in the Lake Hydra to Lake Dom transect (Section 3.2), 
with the exception of the upper part of the Patella Bay sequence and Lake Dom, were 
dominantly deposited in phases of the Lake Eyre record which are too old to be dated by 
the methods currently available. The combination of this lack of a numeric chronology and 
the wide spacing between sites prevents any firm correlation between the sequences. The 
sites become successively younger towards the modern lake, supporting the notion that the 
depocentre has migrated south and west during the Quaternary, and the stratigraphy is 
spread horizontally in the landscape rather than occurring in a vertical sequence. 
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The oldest Quaternary sequence in the transect is the fluvially-deposited sediment in the 
Lennys Island Site at Lake Hydra (Section 3.2.1.1) which is attributed to the Kutjitara 
Formation. Luminescence dating at this site, and others along Cooper Creek, indicate an 
age beyond 440 ka for the Kutjitara Formation. The exposure at Lake Hydra North West 
is a mixture of fluvial and lacustrine sediments which, from the much paler reddening and 
relative lack of secondary gypsum, are clearly considerably younger than the Kutjitara 
Formation. These sediments have aggraded in a valley which was deeply incised into the 
Etadunna Formation and, if the stream gradients were similar to those of today, the depo-
centre must have been well to the east of Madigan Gulf, and probably deeper. This 
indicates that the sequence, which is similar sedimentologically to the stage 5 lacustrine 
and fluvial sediments, is considerably older than stage 5, as suggested by the AAR 
Genyornis eggshell and U-series bone ages which indicate deposition in or before stage 7. 
The relationship of the Hydra North West sequence to the lacustrine sediments in Core LE 
82/5, at the southern end of Sydney Harbour, is unclear. The lacustrine sediments at 
Hydra North West are very different in character to Core LE 82/5, but this could relate to 
the distance between the sites (22.5 km) and the different preservation due to the different 
topographic positions and relation to the water table. Unfortunately, the Hydra North 
West lacustrine sediments contain no pollen which would have allowed a comparison with 
the LE 82/5 sequence and other sequences (pollen data from Luly, pers comm). 
The relationship of the Patella Bay sequence to LE 82/5 is also unknown. No subsurface 
information is available from Patella Bay to indicate if the sequence in the cliff directly 
overlies the lacustrine sequence contained in Core LE 82/5. The degree of reddening and 
secondary gypsum development, in the basal, horizontally-laminated brown mud and 
clean sand of Patella Bay, suggest an age younger than Kutjitara Formation and similar to 
the fluvial sequence in the Hydra North West cliff. The upper green clay and white clean 
sands, at Patella Bay, which disconformably infill a shallow dish-shaped depression, are 
lithologically correlated to the late stage 5 Williams Point cliff sequence. Lacustrine 
sediments indicative of variable depth and salinity, with primary elastic gypsum 
evaporites and weak pedogenesis at the top, are capped by Coxiellada-rich beach sands in 
the same way as at Williams Point and Tick North. AAR analyses, from the upper beach 
sands, provide strong support for this correlation. 
The Eggshell Beach site at Lake Dom is the only site in the transect with good chronological 
control; the sequence is dominantly lacustrine and stage 7 in age. A thin group of units 
with stage 5 ages form a chrono-sequence which agrees with the age of depositional events 
at other stage 5 sites in the region but cannot be correlated litho-stratigraphically. The 
gypsum-rich, playa-marginal aeolian unit at Lake Dom correlates well, lithologically and 
chronologically, to the Williams Point aeolian unit. 
6.1.2 Correlation between Tick North, Fly Lake and Williams Point 
The Tick North and Fly Lake sections can both be stratigraphically related to the well-
dated Williams Point sequence with much confidence (Fig. 6.1), although most of the Fly 
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Lake, Conical Hill, cliff section consists of fluvial sediments and cannot be correlated in 
detail to the lacustrine units of Tick North and Williams Point. 
As at Williams Point, the base of both sequences overlying the Etadunna Formation, 
consists of transgressive and shallow-water lacustrine sediments (TN: Units N and M; FL: 
Unit K) which represent the onset of lacustrine conditions. At Tick North, unlike at 
Williams Point, the presence of a fluvio-deltaic sediments (TN: Unit M) reflects the 
proximity of the Clayton River. Deep-water lacustrine sedimentation which follows (TN: 
Unit K; FL: Unit J) shows many characteristics, inferred to reflect salinity stratification, 
which are similar to Unit Lat Williams Point. This lacustrine event is dated to before 92 ± 
6.7 ka (W 1123) at Williams Point (Fig. 2.9), and is believed to have been deposited early 
in isotope stage 5. As at Williams Point, the deep-water lacustrine unit at Fly Lake is 
capped by a thin, dense dolomite layer (FL: Unit I), believed to represent a dolomitised 
microbial mat carbonate plate which accumulated on exposed mud flats after the lake 
dried. The level of this layer at Fly Lake (-9.3 m AHD) is close to that of the Williams 
Point dolomite layer, thus strengthening this correlation. 
Above the laminated lacustrine unit at Tick North, is a variable sequence of lacustrine 
sediments deposited as the lake oscillated in depth and salinity (TN: Units J to D). These 
sediments are very similar to the cliff sequence at Williams Point (WP: Units J to C), which 
has two OSL dates and one TL date ranging from 92.3 ± 6.7 ka to 86.2 ± 5.5 ka (Fig. 2.9), 
therefore indicating deposition late in isotope stage 5. As at Williams Point, the upper 
part of this sequence at Tick North shows evidence of minor pedogenesis, particularly 
evident in the gully section (TN: Unit D, Fig 3.7). At Fly Lake, the basal deep-water 
lacustrine unit and capping microbial mat layer are overlain initially by lacustrine 
sediments of variable water depth (FL: Units H and G) as is the case at Tick North and 
Williams Point. However, at Fly lake, deposition then changes to fluvial domination (FL: 
Units F and D), with only occasional occurrence of saline lacustrine conditions (FL: Unit 
E), and therefore direct lithofacies correlation to the Tick North or Williams Point sequence 
is not possible. 
Truncating the soil at the top of the Tick North cliff section (TN: Unit D), is a thin 
Coxiellada-rich beach sand (TN: Unit C) which is identical in character, stratigraphic 
position and elevation to Unit Bat Williams Point which has an OSL date of 63.l ± 4.5 ka 
(Fig. 2.9). AAR analyses of Coxiellada from this unit (Fig. 3.8; Table 3.2) are identical to 
those from Williams Point Unit B, further confirming correlation of the two units. At Tick 
North, lacustrine sediment (TN: Unit B) overlies the Coxiellada-rich beach unit. Sediment 
equivalent to this upper unit is very poorly represented at Williams Point and the age of 
the Tick North Unit B lacustrine sediment is unknown. There is no evidence of a major 
time break after deposition of the Coxiellada-rich beach unit, although the stratigraphic 
boundary is sharp. At Fly Lake, the upper unit in the Conical Hill cliff section, which 
consists of nearshore lacustrine sand with abundant lacustrine carbonates (FL: Unit C) 
and which disconformably overlies the fluvial sediments, is probably a shallow-water 
equivalent of the Coxiellada-rich beach sand of Williams Point (WP: Unit B) and Tick North 
(TN: Unit C). The Coxiellada-rich beach units at Williams Point and Tick North are about 1 
m higher in elevation than Unit Cat Fly Lake. Numeric dating of the Fly Lake Unit-C sand 
is required to confirm this correlation. As at Tick North, there is a thin layer of lacustrine 
sediment at Fly Lake (FL: Unit B) which overlies the shallow-water Unit-C sand. 
The AAR analyses on eggshell from the aeolian unit at the top of the Fly Lake and Tick 
North sequences (Figs. 3.~, 3.10) indicate that deposition of these aeolian units was coeval 
with the Williams Point aeolian unit, between 60 and 50 ka. 
6.1.3 Correlation of Kutjitara West Bluff to Williams Point 
In the lower portions of the tributary river systems, sediments deposited during wet phases 
in the basin under lacustrine conditions or by fluvial aggradation are separated by 
episodes of channel incision, due to base level lowering during dry phases. During and 
after the channel incision phase, there may have been sufficient time for pedogenesis to 
affect the previously deposited sediments and to translocate gypsum, which has been 
transported to the site by aeolian processes. The stratigraphic sequence at Kutjitara West 
Bluff consists of three main stratigraphic units which indicate wet conditions in the basin, 
each separated by a channel incision phase. The oldest and middle wet phases are stage 5 
in age, and and the youngest OSL age (67.5 ± 6.0) in the final phase extends the unit well 
into stage 4. 
At Williams Point, the sequence contains three separate lacustrine events, or wet phases, 
each separated by dry-lake conditions, as indicated by sedimentary features such as 
microbial mats, desiccation cracking or pedogenesis. OSL dating indicates that the two 
earlier lacustrine episodes lie within stage 5 but the youngest, which is only represented by 
a thin beach unit at Williams Point, with an OSL age of 63.1 ± 4.5 ka, lies in upper stage 4. 
Because the Williams Point sequence is all lacustrine and the Kutjitara West Bluff sequence 
is mos"tly fluvial, it is not possible to directly correlate units between those sites on a 
lithofacies basis. It is tempting to simply correlate the three wet phases at each site in their 
stratigraphic order, but this raises difficulties with the luminescence chronology (Fig. 6.2). 
The OSL age of 121.7 ± 9.0 ka within the basal Katipiri fluvial and lacustrine units at 
Kutjitara West Bluff (Units I to F), does not contradict the inferred early stage 5 age for the 
basal deep-water lacustrine phase at Williams Point (Unit L), but the latter unit lacks a 
numeric chronology to confirm this correlation. The OSL ages of the middle phase at 
Kutjitara West Bluff (Unit E, the lateral accretion fluvial sand unit) indicate deposition 
commenced just before 105.l ± 9.5 ka and ended soon after 95.5 ± 6.0 ka. At Williams 
Point, the middle lacustrine phase has basal ages of 92.3 ± 6.7 ka (TL) and and 91.4 ± 4.8 
ka (OSL) and and upper OSL age of 86.2 ± 5.5 ka. This indicates deposition occurred 
over a similar time interval but commenced, at Williams Point, after the middle unit at 
Kutijara West Bluff had ceased being deposited. Deposition of the upper . phase at 
Kutijara West Bluff (Units C & D, channel fill units) commenced about 76.4 ± 9.0 ka and 
continued till some time after 67.5 ± 6.0 ka. The upper phase at Williams Point (Unit B, 
Coxiellada-rich beach sand unit) with an OSL date of 63.1 ± 4.5 ka can only be correlated 
with the very end of the Kutijara West Bluff phase. 
The OSL age of 33.9 ± 2.1 ka from the aeolian unit at the main section at Kutjitara West 
Bluff, which has minor development of secondary carbonate, indicates correlation to the 
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upper, post-gypcrete aeolian unit at Williams Point, which has several emu eggshell AMS 
14C ages between 27,300 and 34,600 years BP. AAR and U-series ages on Genyornis 
eggshell from els_ewhere in the aeolian stratigraphy of Kutjitara West Bluff, strongly suggest 
that those aeolian sediments were deposited between 50 and 60 ka and correlate with the 
Williams Point aeolian unit. 
6.1.4 Correlation of Punkrakadarinna to Williams Point 
At Punkrakadarinna, as at Kutjitara West Bluff, three wet phases are apparent in the 
Katipiri Formation, a basal lacustrine unit, a mi~dle lateral-migration fluvial unit and an 
upper channel-infill unit (Fig 6.3). The age of the basal lacustrine-unit wet phase is early 
stage 5, as indicated by an OSL age of 128.5 ± 11.7 ka from the unit; this agrees well with 
the age of the basal wet phase at Kutjitara West Bluff. As discussed in Section 4.2.5.1, the 
TL date of > 150 ka, from a similar level in the basal Punkrakadarinna lacustrine unit, is 
believed to be an overestimation of the age of saturation due to an underestimation of the 
dose rate. The middle lateral-accretion fluvial wet-phase unit is sedimentologically similar 
to the middle unit at Kutjitara West Bluff but the limited luminescence dating suggests an 
older age. An OSL sample near the top of the unit has an age of 110.4 ± 10.8 ka, 
suggesting deposition of most of the unit before that time. A TL date of 140 ± 11 ka from 
the base of the unit is likely to be an overestimate due to an underestimation of the dose 
rate, as discussed in Section 4.2.5.2, and is clearly a reversal of age compared to the date 
in the underlying unit. The channel-infill unit is identical in character to the Kutjitara West 
Bluff channel-infill unit and the TL dates between 75.6 ± 7 and 63 ± 4.6 ka suggest a very 
similar age. The OSL date, from near the base of the unit, is considerably older at 89.9 ± 
8.8 ka, but, as discussed in Section 4.2.5.3, was close to saturation and was a problematic 
sample for both dose rate and palaeodose estimation. 
As indicated by Figure 6.3, a simple correlation of the three successive wet phases at 
Punkrakadarinna and at Williams Point is of mixed agreement with the chronology for the 
units. The accordance is good for the basal phase but, poor for the middle phase and just 
acceptable for the upper phase where the age of the Coxiellada-rich beach sand unit just 
overlaps with the youngest channel-infill ages. At the other sites studied on the Warburton 
Creek, where fluvial sediments were dated, the ages indicate stage 5 fluvial deposition in 
the 90 - 100 ka range at the Lookout Site and at 108 .9 ± 9.5 ka at Whip Well. The 
channel-infill unit was not present at these sites. 
TL ages in the aeolian units at Punkrakadarinna and the Lookout Site clearly indicate stage 
2 deposition, and there is apparently no equivalent unit to the Williams Point aeolian unit 
that was deposited around 50-60 ka and is widespread elsewhere in the basin, especially 
closer to Lake Eyre. There is also no unit equivalent to the post-35,000 year BP aeolian 
deposits identified at Williams Point and Kutjitara West Bluff. 
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6.1.5 Discrepancies in fluvial-lacustrine correlation 
There are three possibilities which can explain the discrepancies in correlating the wet 
phases between lacustrine and fluvial sequences in the Lake Eyre record: 
1. The lacustrine and fluvial records are not in phase and are either out of phase or not related. If 
the records were out of phase, it would imply that periods of major fluvial deposition, 
during which the river systems are much more active than today, occur when the lake is 
dry, which seems unlikely. Because lateral stream migration continually reworks older 
sediments within the valley, fluvial records could be expected to produce numeric ages 
which are biased towards the younger end of a wet event and thus be partially out of 
phase with the lacustrine record. However, the discrepancy between the middle fluvial 
wet phases at Kutjitara West Bluff and Punkrakadarinna, and the middle lacustrine phase 
I 
at Williams Point, is in the opposite direction, with the fluvial sequence older than the 
lacustrine. 
If the fluvial and lacustrine records were umelated, the hydrologic-stage model presented 
in Section Al.3, which relates depositional conditions in the lower reaches of the streams 
to base level control exerted by conditions in the lake, would have to be incorrect and 
events in the streams be controlled by intrinsic geomorphic processes and thresholds. The 
common occurrence of three wet phases in both fluvial and lacustrine sequences, combined 
with good lithologic and chronologic correlation between fluvial sequences of separate river 
systems (Cooper and Warburton) strongly suggest that a systematic relationship between 
sequences does exist. 
2. The luminescence chronology is wrong or not sufficiently accurate to enable correlation of these 
events. It is clear that the luminescence chronology is not precise enough to enable detailed 
correlation of the wet phases, identified at Lake Eyre, to the marine isotopic stage 5 sub-
stages. However, as pointed out in Sections A2.1 and A2.3.1, OSL dates have the 
potential, when palaeodose and dose rate estimates can be made confidently, to provide 
accurate, although imprecise dates. That this is the case for the Williams Point, Kutjitara 
West Bluff and Punkrakadarinna sites, is supported by the stratigraphic consistency of the 
ages, with no age reversals occurring. If serious problems of accuracy of the ages were the 
cause of the correlation discrepancies between sites, age reversals would be expected to 
occur. 
3. The stratigraphic sections are incomplete. The discrepancy in correlation between wet 
phases at different sites can readily be explained by incomplete preservation at particular 
sites. For instance, the middle wet phase may have commenced some time before 105 ka 
but sediments were not preserved at Williams Point till after 92 ka, due to local 
hydrodynamic conditions. Similarly, the same wet phase may have continued till about 85 
ka, but is not represented at Kutjitara West Bluff after 95 ka because channel migration, 
away from the site, had occurred. In a depositional setting where stratigraphic units are 
rarely stacked vertically, where erosional cut and fill events are common in fluvial 
sequences and major sediment deflation events common in lacustrine sequences, 
incomplete sections are likely to be the norm. 
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On balance, I believe that the existence of three wet phases at all three of the intensively-
studied and dated sites (Williams Point, Kutjitara West Bluff and Punkrakadarinna) as 
well as at other less intensively studied sites, is highly unlikely to be coincidental. To 
explain the discrepancies in correlation of numerical chronologies, I favour the third 
explanation of those presented above. In the palaeohydrological summary for the basin, 
(Section 6.2, following) , the three main wet phases are correlated and the age ranges for 
the phases are derived by combining dates from all sites. 
6.1.6 Correlation of lacustrine and fluvial events to beach ridges. 
Beaches at Lake Eyre occur in two main groups; an upper series in the +5 to + 10 m AHD 
range and a lower group at around -10 m AHD which relate to the present playa 
morphology. Beach sediment only occurs at one elevation between these two groups, at 
-3.5 m AHD, and is present in the Williams Point and Tick North cliff sections, where it is 
the upper wet phase in the sequence. Beaches also occur well above +10 m AHD, but 
these are much older features, beyond the limits of luminescence dating techniques. As 
discussed in Section 5.3, there are conflicting chronologies from the upper ( +5 to + 10 m 
AHD) series of beach ridges. A series of TL dates (Nanson et al. in press) indicate some 
stage 5 ages and a number of younger ages including some from early stage 3, from late 
stage 3 and one from stage 2. On the other hand, Magee and Miller (in press) have 
presented a large suite of AAR results, from Coxiellada and eggshell of aquatic birds and 
Genyornis, which strongly suggest an early stage 5 age for the + 10 m AHD ridge and a late 
stage 5 age for the +5 m AHD beach (Section 5.3.5) . This latter chronology is strongly 
supported by two late stage 5 OSL ages of 84.3 ± 7.6 and 77.1 ± 7.9 ka obtained in this 
study from the +5 m AHD beach at the TBM 92/l site (Section 5.2.1.3.3) and is used to 
derive the AHD levels for the stage 5 wet phases (see Figure 6.4 below). 
The lower series of beach ridges includes a prominent wide beach at -10 m AHD which 
represents a relatively long period of lacustrine conditions at that level. This beach is well 
dated by OSL to 47.3 ± 3.8 ka, an age supported by AAR analyses. This low-level, but 
perhaps perennial lacustrine event, is correlated with the period of landscape stability 
associated with gypsum mobilisation in the Williams Point aeolian unit. During the period 
from about 30,000 to 12,000 years BP, when the Shelly Island playa-marginal deflation 
unit was deposited, the playa is interpreted as being close to the present playa level, 
perhaps slightly lower, and no beaches are preserved which relate to this period (Section 
2.4). Sediments from central Madigan Gulf indicate that shallow perennial lacustrine 
conditions existed in the early Holocene but, apparently, at a level below the ephemeral 
floodings of the modern regime and no beaches of this age are preserved. Beaches from 
four major floods of the modern ephemeral regime, including the 1974 event, are preserved 
(Section 7.2.3). These observations about the character, age and elevation of the lower 
series of beach ridges have been used to derive the AHD levels for post-50 ka 
palaeohydrologic events in the basin (see Figure 6.4 below). 
6.2 P ALAEOHYDROLOGY 
The stratigraphic and sedimentological data presented from many sites in this thesis, and 
from previous studies, indicate that enhanced fluvial and lacustrine phases have occurred 
through much of the Quaternary in the Lake Eyre Basin. In particular, lacustrine sediments 
are described in this study, from Pink Pool Bend, Lake Hydra North West, Core LE 82/5 
at Sydney Harbour, Lake Dom and Whip Well which indicate the existence of enhanced 
lacustrine conditions at a number of time periods from stage 7 back to Kutjitara Formation 
events of probable early Pleistocene age. Little is known in detail about the nature, age 
and extent of those older lacustrine phases, although some information about the stage 7 
event has emerged from the Lake Dom, Eggshell Beach site. Because of this paucity of 
information, a detailed reconstruction of the pre-stage-7 palaeohydrology is not 
attempted. 
6.2.1 Lake Eyre Basin palaeohydrology over the past 150 ka 
In contrast to the older events in the basin, the stage 5 and younger record is well 
constrained, both chronologically and stratigraphically, although there are still 
uncertainties in the correlation of some events and the precise timing of the boundaries 
between events. The facies approach used in this analysis of the sediments of the Lake 
Eyre basin has enabled a detailed reconstruction of the palaeohydrology of the past 150 ka 
in the form of a lake-level curve (Fig. 6.4) Numeric ages from sediments which indicate wet 
phases are plotted to the right of the lake level curve and ages which indicate dry phases 
are plotted to the left of the curve. The AHD levels for wet phases are determined from 
beach ridge elevations as indicated in Section 6.1.6 above. The AHD levels for the dry 
phases, are determined from the elevation of deflation surfaces recognised in the Madigan 
Gulf sequence. As detailed in Sections 2.6 and 2.7, the chronology for the deflation 
surfaces recognised in Madigan Gulf is poor, and three possible scenarios were outlined for 
the timing of various depositional and deflationary events in that record. The second of 
those scenarios has been used to determine the deflation depths for Figure 6.4 but this 
must be assumed to be somewhat speculative until the chronology of the Madigan Gulf 
depositional and deflationary events is improved. It is an important matter to resolve 
because the depth to which deflation proceeds, before an equilibrium situation is reached 
between the climate and the watertable, is dependent on the degree of aridity during the 
deflation stage. Thus, the elevation of the playa deflation surface is a proxy for the degree 
of aridity during the deflationary stage. 
In Figure 6.4, the three pre-60 ka wet phases, which are apparent at many sites, are 
correlated and the numeric age estimates from each phase are grouped. The chronologic 
limits for each phase, as indicated by the lake-level curve, are derived from the oldest and 
youngest of the dates from all sites in each group. Extreme outliers, where ages lie well 
outside the range of the rest of their stratigraphic group, have arrows to indicate the group 
they belong to stratigraphically, and have been ignored when defining the wet phase 
boundaries. The AMS 14C ages from the Shelly Island unit and the Holocene lacustrine 
sediments of Core LE 82/2, which define the late stage 3 dry phase and the stage 1 wet 
phase respectively, are plotted as calibrated ages. 
The lake-level curve indicates that five wet phases have occurred through the past 130 ka 
which are labelled back in time from the present, with roman numerals used to avoid 
confusion with the isotope stage numbers. Phases IV and V, coinciding with stage 5, are 
associated with the upper series of beaches at +5 to + 10 m AHD; Phases I and II, 
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phases is based on fluvial, lacustrine and aeolian sedimentology and stratigraphy at a 
number of sites in the basin. Ages for wet events are plotted to the right of the curve and 
for dry events to the left. Ages are clustered in groups which are believed to be 
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beaches for wet phases and playa deflation surfaces for dry phases. Radiocarbon dates are 
calibrated ages. Marine isotope stages, including stage S sub-stage peaks (Se, Sc, Sa; arrow to 
the right) and troughs (Sd & Sb; arrow to the left), are from Martinson et al (1987), with the 
dotted lines within stage S indicating the mid-points between troughs and peaks. Sub-stage 
Se is plotted as a double peak as indicated by Martinson et al (1987). 
coinciding with stage 3 and stage 1, are associated with shorelines in the lower series of 
beaches. The Phase III shoreline, at -3.5 m AHD, lies between the upper and lower series 
of beaches. There is clearly a trend through the first half of the record (130-60 ka), through 
Phases V, IV and III, which indicates successively less effective wet phases. A major 
change occurs in th~ second half of the record (60 ka to the present) with the lake 
dominantly dry or ephemeral with two low-level lacustrine events recorded. For 
comparison with other Quaternary records and in order to examine the relationship 
between the Lake Eyre record and astronomic forcing events, it is crucial to know the 
duration of the wet phases and the age of boundaries between phases, as accurately as 
possible. 
6.2.1.1 Chronology of the lake-level curve. 
Firstly, it is important to emphasise that the boundaries between phases are real, that the 
discrimination between wet and dry phases is not based on chronological gaps but on 
actual stratigraphic, sedimentologic or geomorphic evidence that the lake actually dried, or 
conditions became wetter. Secondly, it is important to recognise that the luminescence ages 
grouped in Phases III, IV and V are not sufficiently precise to discriminate between a single 
event and range of events. According to the Chi square distribution test, as presented by 
Gillespie (1986), the dates can be statistically considered to relate to a single event and the 
pooled mean ages, presented in Figure 6.4, are calculated by Gillespie's method based on 
that presumption. However, the stratigraphic information clearly indicates that the wet 
events of Phases V and IV are not single events within the error limits of the pooled mean 
ages. The 5 to 6 m thickness of laminated lacustrine sediments, at Williams Point and 
Punkrakadarinna, which were deposited in the Phase V wet event, represent slow, deep-
water accumulation, particularly at Williams Point which is far from any source of direct 
detrital input. It is a reasonable assumption that deposition of these lacustrine sediments 
is likelf to cover a time span of 10 to 20 ka as suggested by the total range of dates 
associated with Phase V sediments. Similarly, the thick lateral accretion fluvial deposits 
of the middle units at Punkrakadarinna and Kutjitara West Bluff and the middle lacustrine 
sediments in the Williams Point Cliff, all correlated to Phase IV deposition, are very likely 
to span at least 10 ka. Stratigraphically consistent dates in these units at Kutjitara West 
Bluff and Williams Point indicate a minimum age range of 10 ka within each sequence. By 
contrast, the Phase III event is less significant stratigraphically and could be a relatively 
short-lived event which can be represented by the pooled mean age. 
In summary, I believe that the age groupings for Phases V and IV should be taken to 
represent the age range of the events and to define the upper and lower boundaries but the 
pooled mean ages should not be used to infer the peak of activity of these wet events. A 
further complication is provided by the fact that many of the dates are from fluvial 
sequences which, due to constant reworking within their valleys during the wet event, are 
likely to be biased towards the younger end of an event. Phase III, on the other hand, 
appears to be of more limited duration and the pooled mean age of 64.3 ± 2.5 ka might be 
taken as an age for the peak activity of the event. 
There are some inconsistent results for the chronology of the dry phase between 60 and 50 
ka which lies between wet Phases III and II, (Fig. 6.4) and is equivalent to the playa-
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deflation event associated with deposition of the Williams Point aeolian unit. The dates in 
the group of five U-series ages and one OSL age, between 60 and 70 ka, are from the same 
stratigraphic units as dates in the group of four luminescence ages and two U-series ages 
between 60 and 50 ka. This demonstrates that the inconsistency is chronologic and not 
stratigraphic. This conclusion is strongly supported by a very large suite of AAR analyses 
on both emu and Genyornis eggshell from the same units which indicate a singl~ 
depositional event in the 60 - 50 ka time period. As discussed in Section A2.5.2, the U-
series ages between 60-70 ka are believed to be slightly too old, due perhaps to uranium 
leaching. In Section 2.5.1.3, it was suggested the 63 ka OSL age may have been calculated 
with a slightly underestimated dose rate resulting in an overestimation of the age. The best 
estimate for this dry event is believed to be a 60 to 50 ka time range. 
Only one OSL age is available for the Phase II wet event, although this age is exactly as 
predicted from AAR results and AMS 14C dating on Coxiellada shells from beaches 
associated with the event. Insufficient dates are available from this event itself to define 
its range or boundaries and they are defined in figure 6.4 from the ranges of the preceding 
and following dry events. 
The dry event through later stage 3 and stage 2 is represented by deposition of the Shelly 
Island unit and the AMS 14C ages plotted through this period on Figure 6.4 are all from 
that unit. As indicated in Section 2.5.3, there is a larger suite of AMS 14C ages on emu 
eggshell from aeolian sediments which are from sites that range in elevation from playa 
level up to+ 5 m AHD. These ages, which are not plotted on Figure 6.4, range from about 
10,000 to 35,000 radiocarbon years BP effectively excluding the possibility that lacustrine 
conditions existed at that elevational range through that time period. The boundary 
between the Shelly Island unit and wet Phase II is placed at about 40 ka, in Figure 6.4, 
based on the calibrated ages of the total suite of Shelly Island and aeolian sediment AMS 
14C ages. 
The age range of Phase I wet event is based on the dates from Core LE 82/2 obtained by 
Gillespie et al. (1991) and the large individual ephemeral floods in the modern regime (3-4 
ka to present) are based on the age estimates of Dulhunty (1975) and Kotwicki (1986). 
6.3 P ALAEOENVIRONMENT AL SUMMARY OVER THE PAST 150 ka 
Detailed palaeoenvironmental summaries of individual sites were provided at the end of 
the stratigraphic descriptions of each site and only a basin-wide summary is presented 
here. The age ranges of the palaeoenvironmental divisions in the following discussion are 
based on the lake level curve in Figure 6.4. 
Stage 6: During stage 6, the basin was deflated to the level of the Etadunna Formation in 
the Madigan Gulf area to a maximum known depth of -19.2 m AHD, apparently deeper 
than the level of subsequent deflation events. This implies that conditions in stage 6 were 
effectively more arid than during any subsequent period. 
Early stage 5 lacustral phase (130-110 ka): A basal transgressive sand, which overlies 
Etadunna Formation at many sites, represents the onset of a major lacustral phase which 
deposited a thick sequence of finely laminated gypseous and calcareous clay at many sites 
in the basin. This lake was permanent, but mostly saline, and the sedimentology of the 
lacustrine sequence at Williams Point, and other sites, indicates that the lake was salinity-
stratified at times with strongly reducing bottom conditions. The lake flooded up the river 
valleys and lacustrine sediments are preserved at Kutjitara West Bluff on the Cooper and 
at Punkrakadarinna on the Warburton. Lacustrine and deltaic sediments of this age were 
reported in the valley of the Neales River by Croke et al. (1997). This lacustrine event is 
correlated to beach ridges at the +10 m AHD level. Preliminary chronological analyses and 
mapping of this beach feature are restricted to the Muloorina and Hunt Peninsula areas 
and are presently insufficient to map the shoreline of the lake at this time, but the lake did 
extend up to 10 km into the southern Tirari Desert, in the area between Lake Clayton and 
Sydney Harbour. The lake eventually shallowed and dried and desiccation cracks, at 
Williams Point, indicate a lowering of the water table and some deflation may have 
occurred in the basin centre. However, there is an absence of evidence for erosion or 
pedogenesis at that level, in a number of lacustrine fades sites, indicating a relatively short 
interruption of the lacustrine conditions. Incision of the streams occurred, into the fluvial 
and lacustrine sediments previously deposited. 
Later stage 5 lacustral phase (100-80 ka) : At around 100-95 ka, lacustrine conditions 
returned but, by comparison with the permanent deep-water conditions of the previous 
phase, the lake level and salinity oscillated. Lake sediments vary widely and include 
deep-water clays, nearshore and beach sands rich in lacustrine carbonates and evaporites, 
especially elastic gypsum deposits. Sites within river valleys show a change to fluvial 
deposition and some sites close to fluvial sources show a mixture of lacustrine and fluvio-
deltaic sedimentation during this period. Pluvial sedimentation in the river valleys is 
marked by the aggradation of thick lateral accretion sediments deposited in point-bar 
deposits by actively meandering streams. This lacustrine event is correlated to beach 
ridges at about the +5 m AHD level. Although the lake may have oscillated above and 
below this level, the lack of significant beach ridges below +5 m AHD, indicates that no 
significant still stands occurred in this elevation range. As with the + 10 m AHD shoreline, 
preliminary chronological analyses and mapping of the +5 m AHD beach feature are 
restricted to the Muloorina and Hunt Peninsula areas and are presently insufficient to map 
the shoreline of the lake. 
Dry phase (75-70 ka): The lake eventually dried again and remained dry for enough time 
for pedogenic processes to modify the upper part of the lacustrine sequence. This is 
evident at a number of sites. This period of pedogenesis affecting the lacustrine sediments, 
formed under environmental conditions resembling those of today, and apparently 
occurred before about 70 ka with the resulting soil eventually truncated by deflation at the 
end of this phase. Significant playa deflation almost certainly occurred in the basin during 
this dry phase, as indicated by the abundance of gypsum, which was transported 
downwind to the fluvial sequences and pedogenically incorporated in the sediments. 
Incision of the rivers, into and through the fluvial and lacustrine sediments of the previous 
phases, extended almost to the level of modern incision. 
Lacustral phase (70-60 ka): After the period of pedogenesis, lacustrine conditions returned 
to the basin and are represented, at many sites around Madigan Gulf, by deposition of a 
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Coxiellada shell-rich beach sand at about -3 to -3.5 m AHD. This lacustrine phase is 
correlated to channel-infilling sediments and vertical accretion overbank muds which 
accumulated in the channels incised during the previou.s dry phase. This event, believed to 
probably be of shorter duration than the previous wet phases, has a pooled mean age of 64 
± 2.5 ka: 
Dry (playa deflation) phase (60-50 ka): The termination of the lacustrine phase was marked 
by aeolian deposition of materials derived initially from the regressive beach and later 
mixed with gypsum and pelletal clay derived from playa deflation. The Williams Point 
aeolian unit was deposited at this time and this playa-deflation and dune-building 
episode was the time of excavation of the current Lake Eyre playa. This is indicated by 
the presence of gypcreted Williams Point aeolian unit sediments at levels close to the playa 
at a number of sites around Madigan Gulf. In addition, the youngest fluvial deposits 
exposed in the valley margin cliffs of the lower Cooper and Warburton Creeks are older 
than 60 ka. This indicates that the major base level lowering event which caused the 
incision of the present valleys of the rivers occurred after 60 ka and the rivers have 
remained in those valleys since that time. Croke et al. (in press a & b) report incision of the 
Neales River valley after 58 ka. 
Minor lacustral and gypsum pedogenesis phase (50-40 ka) : In the period 50 to 40 ka a low-
level lacustral event occurred in the basin with formation of a beach ridge at about -10 m 
AHD. The relatively substantial nature of this low wide feature, by comparison to the 
1974 ephemeral beach at about the same absolute level, suggests low-level ephemeral 
lacustrine conditions during this period. Lacustrine sediments equivalent to this event 
have not been definitely located but Gillespie et al. (1991) report two AMS 14C ages of just 
less than 30,000 years BP from lacustrine sediment in Core LE 82/2 from central Madigan 
Gulf. These ages come from laminated gypsum/clay evaporites at -17.69 m AHD which 
are interpreted as being entirely shallow-water elastic in origin (Section 2.3.2). 
Investigation of the pre-treatment methods employed in those dates (Section 2.5 .2) 
suggests the as-yet-unresolved possibility that substantial contamination with younger 
carbon survived pre-treatment, resulting in minimum ages . As the sedimentological 
characteristics are consistent with a shallow water body, the sediments might relate to this 
lacustral event. Pluvial sediments correlated to this phase are also unknown. No fluvial 
deposits younger than 60 ka are known from the lower Warburton or Cooper Creeks, 
although such deposits are likely to be confined within the post-incision valleys where very 
little investigation has yet been carried out. In the Neales River valley, Croke et al. (in 
press a & b) report no post-incision fluvial deposits older than 30 ka. 
Following deposition of the gypsum-rich upper portion of the Williams Point aeolian unit, 
a period of landscape stability occurred, which is coeval with the 50 to 40 ka minor 
lacustrine event. During this period, a well-developed pedogenic gypsum horizon was 
developed on the unit, with gypsum-filled polygonal cracks and gypsum rhizomorphs 
which extend down the profile, with decreasing size and abundance. At many sites, large 
tree boles and roots are preserved, replaced by secondary gypsum, indicating the presence 
of trees, significantly larger than grow anywhere but along river courses in the region today. 
The presence of these trees and the much more significant secondary mobilisation of 
gypsum, compared to the modern soils, suggests that, in the period 50-40 ka, precipitation 
at Lake Eyre itself was greater than at the present day. 
Three beach ridge TL ages from close to +5 m AHD, reported by Nanson et al. (in press) 
-from this period, are not supported by any of the stratigraphic and geomorphic evidence 
presented here. The Williams Point aeolian unit, which is generally at and below +5 metres 
AHD shows no evidence of wave trimming or burial by lacustrine sediment. The well 
developed secondary gypsum horizon formed on that unit requires that sub-aerial 
exposure occurred rather than submergence beneath water or burial by lacustrine sediment, 
subsequently removed. A large suite of amino acid racemization (AAR) analyses on 
carbonate molluscs and bird eggshell fragments, supported by two OSL ages, indicate a 
late stage 5 age for beach ridges at +5 m AHD (Section 5.3). 
Dry playa phase ( 40-12 ka): The soil developed on the Williams Point aeolian unit was 
truncated by erosion to the cemented secondary gypsum horizon indicating that conditions 
had become more arid. Remnants of sediment from this truncation phase are preserved at 
Williams Point and calibrated AMS 14C ages from emu eggshell indicate deposition in the 
40 to 35 ka range. Valley-marginal aeolian sediments along the Cooper with an OSL age of 
33.9 ± 2.1 (Section 3.3.4.5) and a TL age of 32.5 ± 3 ka (Callen and Nanson, 1992) indicate 
the initiation of sand deflation from the rivers at about the same time, presumably in 
response to increased aridity and reduced vegetation cover. Beginning at about 35 ka, a 
prolonged period of irregular minor playa deflation from the southern bays of the lake, in 
response to episodic minor depression of the water table, deposited the Shelly Island unit. 
The Shelly Island unit is closely associated with the playa shorelines of Madigan Gulf and 
Jackboot Bay suggesting that, under conditions of intensified aridity, deflation of sediment 
occurred from the capillary fringe outcrop zone around the central-playa-zone salt crust; a 
process which does not occur under the modern regime suggesting conditions were more 
arid than today. 
The prolonged playa deflation episode represented by the Shelly Island unit has equivalent 
peripheral and central playa sediments, including a buried salt crust, within Madigan Gulf 
(Section 2.6.2). The calibrated 14C chronology of the Shelly Island unit indicates that this 
regime continued until about 14 ka with a majority of dates clustering around 24 to 28 ka, 
just before the glacial maximum. This suggests that this period was the most active phase 
of deposition, but the small number of dates precludes emphasis of this possibility at this 
stage. 
Early Holocene shallow lacustral phase (12-4 ka): At about 12 ka, shallow lacustrine 
conditions became established (Gillespie et al., 1991). This return of surface water to the 
lake, probably semi-permanently, resulted in partial dissolution of the halite crust, 
established by the preceding playa phase, before the deposition of laminated gypseous 
clays sealed the salt layer from further dissolution. Beach or shoreline features associated 
with the early Holocene lacustral event have not yet been identified, and are believed to 
have been below the level of the highest ephemeral floods of the modern regime. 
Modern ephemeral playa phase ( 4-0 ka): After about 3-4 ka, semi-permanent lacustrine 
conditions ceased and the modern ephemerally flooded playa regime became established. 
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The fraction of the lower halite salt unit, which was dissolved during the onset of the early 
Holocene wet phase, forms the relatively thin modern surface salt crust. During modern 
major ephemeral floods the entire surface salt crust is dissolved and re-precipitated as the 
lake dries. As this re-precipitation occurs after deposition of any sediment brought into 
the basfo, the modern playa salt crust is migrating vertically in the sequence, always 
remaining at the surface (Dulhunty, 1986). 
Dulhunty (1975) identified three shingle beach berms identical to, but slightly higher 
than, the beach built by the 1974 major filling of the lake. These three beaches, at -6.7, -7.9 
and -8.8 m AHD, were not dated but Dulhunty (1975) estimated the age of the oldest and 
highest at approximately 3 ka, from geomorphic evidence. It seems most likely that these 
beaches represent the largest flooding events since the modern ephemeral regime was 
established. 
Very little net sediment accumulation is occurring in the modern Lake Eyre environment. 
Minor amounts of sediment are deposited in the northern portion of the playa during major 
floodings, building it to a slightly higher level, but during dry periods, a broad zone of the 
Lake Eyre North, north of the salt crusts, intersects the capillary fringe of the saline water 
table and is susceptible to deflation, removing sediment deposited by previous floods. In 
the intense drought of 1982, extensive deflation of material was observed from this zone 
(Bowler, 1983). 
Chapter 7. CONCLUSIONS 
7.1. COMPARISON OF THE LAKE EYRE RECORD WITH OTHER RECORDS 
7.1.1 Australian cqntinental records 
As stated in the introduction, the surface water palaeohydrology of Lake Eyre is a record 
of the Australian Monsoon and it is useful for drawing palaeoclimatic conclusions to 
compare the record with other Australian sites, with precipitation sources in both the 
summer-monsoon zone an.d the winter-westerly zone. The records of some sites in 
northern Australia, central Australia (around the margins of the Lake Eyre Basin) and 
southern Australia are examined briefly and comparisons made to the Lake Eyre record. 
Unfortunately, there are few sites in northern and central Australia which have been well 
studied and none which have been well dated for the entirety of the past 130 ka. Some 
sites in southern Australia have been intensively studied and well dated and therefore 
provide good opportunities for comparison with the Lake Eyre record. 
7.1.1.1 Northern Australian sites 
Some preliminary luminescence dates are available from Lake Woods, in the Northern 
Territory and Lake Gregory in northern Western Australia. In addition, luminescence 
dating has been carried out in some of the fluvial systems of the upper Lake Eyre 
catchment in Queensland and the Gilbert River, further north, which flows to the Gulf of 
Carpentaria. 
Lake Gregory is situated at the terminal end of Sturt Creek which is fed by a catchment of 
about 33,000 km2 on the eastern side of the Kimberleys in northern Western Australia 
(Bowler, 1990). The lake and catchment have a semi-arid climate with an annual 
monsoon-derived rainfall of about 250 mm, and intense events associated with cyclonic 
activity occur periodically. Water in the lake is maintained principally by surface inflow 
from Sturt Creek with a minor contribution from unconfined groundwater flow in the 
alluvial sediments. The lake consists of multiple sub-basins which have a combined 
surface area of almost 400 km2. These lake basins have transverse dunes on their 
downwind margins which are quartz sand-rich, suggesting an association with full-lake 
rather than dry-lake phases. A large transverse shoreline ridge 35 to 40 km west of the 
lakes defines an enlarged mega-lake phase of more than 5000 km2. Outside the outer 
shoreline are the high, widely spaced, strong red-brown longitudinal dunes of the Great 
Sandy Desert. Inside the outer shoreline, on the old lake floor of the mega-lake, are 
smaller, lower, and more closely spaced dunes, distinctly paler in colour. Bowler (1990) 
reports lacustrine sediment underlying these dunes with lacustrine molluscs with 
conventional radiocarbon dates indicating deposition beyond 30,000 BP. Preliminary 
results from TL dating of the outer shorelines and of dunes on the mega-lake floor suggest a 
major phase of enhanced lacustrine conditions occurred in stage 5 (Bowler and Wyrwoll, 
Pers Comm., 1996). A series of recessional shorelines inside the main outer shoreline and a 
number of shoreline features indicating enlarged phases of the inner lakes, suggest that the 
basin has a detailed and complex palaeohydrologic history which is mostly undated 
(Bowler, 1990) . 
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Lake Woods has a very similar setting to Lake Gregory, and is a terminal lake on the 
Newcastle Waters Creek, fed by a monsoon-watered catchment of about 25,000 km2 in the 
western Barkley Tableland of the Northern Territory. The modern lake has an area of 
about ·420 km2 and, as with Lake Gregory, is inset into an enlarged mega-lake basin of 
about 5,500 km2 with a prominent transverse sandy shoreline ridge on the western margin 
of the mega-lake basin. Dunes occur on the mega-lake floor which are smaller and paler in 
colour compared to those outside the ridge. Luminescence dates from the large transverse 
shoreline indicate that the last major lacustrine phase associated with shoreline ridge 
deposition at that level, was in early stage 5 (Bowler, et al., 1995; Spooner, pers comm.). 
Bowler et al. (1995) also report a lacustrine episode in early stage 3 (53 ± 5 ka, AdLD 
95004) which resulted in minor infill deposition in topographic depressions on the stage 5 
shoreline ridge. 
The Gilbert River is a monsoon-watered north flowing tributary of the Gulf of Carpentaria 
with an extensive multi-channel low-angle fan in its lower reaches presently dominated by 
overbank mud deposition. Nanson et al. (1991a) have identified an extensive sand sheet 
underlying much of the fan, which they dated to about 120 ka and related to a period of 
major fluvial activity, at a scale not repeated since. They also identified more restricted 
sand sheets, which indicated a less effective period of enhanced flow in the 40 to 50 ka 
range. Nanson et al. (1991a & b) report similar results from the upper reaches of the 
Diamantina River with major fluvial activity early in stage 5 and a more minor stage 3 
event (41.5 ± 3.5, W 599), identified in the Western River, a tributary of the upper 
Diamantina. 
7.1.1.2 Central Australian sites 
Lake Amadeus is a playa located in an east-west lowland within the central Australian 
highlands which was probably connected to the Lake Eyre catchment in the Tertiary (Chen 
et al., 1993). The lake lies in a mostly irregular dunefield and has essentially no effective 
catchment and has not functioned as a surface-water system for at least the last 0.9 Ma 
(Chen et al., 1993). Depositional and erosional landform processes are determined, in this 
groundwater-controlled system, by variations in the long-term watertable regime in 
response to changes in climate. The record is well studied (Chen et al., 1993; 1991 a & b), 
but poorly dated. Gypsum dune building, correlated to gypsum precipitation due to high 
watertables under a wetter climate regime, is TL dated to the period 60-45 ka. This was 
followed by drier conditions and then a return to gypsum precipitation, which is undated 
but tentatively correlated to the early Holocene (Chen et al., 1993). Two similar phases of 
gypsum dune building at Lake Lewis, about 200 km north of Lake Amadeus, were dated 
by TL to > 70-80 ka for the older phase and around 35-45 ka for the younger phase, 
slightly younger than the Lake Amadeus episode (Chen et al., 1995). 
Lake Frame, in a sub-basin of the Lake Eyre Basin, is fed by overflow from the Cooper 
Creek as well as runoff from the east side of the Northern Flinders ranges, which may be 
partially effective in intercepting winter westerly moisture. However, Bowler (198la, 
1986b) has demonstrated that high lake levels in Lake Frame require considerable input 
from the Cooper system thus establishing the likelihood of water-level records coeval with 
those in Lake Eyre. The Lake Frome record is also well-studied but poorly dated (Draper 
and Jensen, 1976; Bowler et al., 1986; Ullman and Collerson, 1994). Bowler et al. (1986) 
have outlined the stratigraphy and sedimentology of Core LF 82/1-3 from Lake Frome and 
examined in detail a suite of organic and carbonate radiocarbon dates from the core. They 
reported the onset of relatively shallow lacustrine conditions after about 14,000 BP which 
persisted intermittently through the early Holocene and terminated at about 4,000 BP, 
when the present ephemeral playa conditions were established. These sediments 
disconformably overlie a deep-water sequence which has dates inconsistent with the 
stratigraphic evidence. Bowler et al. (1986) correlated the disconformity with the glacial 
maximum and stated that "the stratigraphic evidence suggests a significant time break at 
(the) disconformity". Following further sedimentological analyses, Bowler and Magee 
(1988) strengthened this assessment and interpreted dry playa conditions in the period 
30,000 to 16,500 years BP. The age of the deep-water sediment underlying the playa-
deposits is unknown. 
Nanson et al. (1991a; 1992) report a large suite of TL dates from the middle reaches of the 
Cooper and Diamantina Rivers, in the Channel Country of south western Queensland, 
which indicated substantially enhanced fluvial activity early in stage 5 with a pooled mean 
age of 109 ± 4ka. 
7.1.1.3 Southern Australian sites. 
Murray Basin catchments north of the Murray occur in a zone of uniformly distributed 
rainfall and can also be influenced by penetration, beyond the eastern drainage divide, of 
moisture derived from the onshore easterlies. However, winter rainfall is likely to 
dominate as they have effective orographic intercepts to trap this rainfall source and 
significant areas of snow accumulation (particularly the Murray and Murrumbidgee) . The 
modern hydrology of these streams shows that winter and spring flooding dominates but 
that significant rainfall and runoff can occur in both summer and winter. A water-level 
curve from the Willandra Lakes (Bowler 1986b) shows a major lacustral phase between 
about 50ka and 36 ka after which a drying trend began, culminating in high salinities and 
deflation around the time of the glacial maximum. Recent TL and OSL dating in the 
Willandra Lakes (Oysten, 1996; Bowler and Price, 1997; Spooner et al., Pers Comm.) has 
confirmed the reality of this stage 3 lacustral phase and established that lacustral 
conditions also existed early in stage 5. Page et al. (1991, 1996) have examined the 
alluvial chronology of the Riverine Plain and both the Murray and Murrumbidgee 
palaeochannels indicate enhanced activity between about 105 ka and 80 ka and between 
55 and 35 ka apparently coincident with the lacustral phases of the Willandra Lakes. 
During later stage 3 and stage 2 in the Willandra Lakes, declining lacustral phases plus 
increasing salinity and groundwater-driven lake-floor deflation suggest a drying trend but 
with water still evident in the lacustrine landscape which is dry today. At the same time, 
Page et al. (1996) show fluvial episodes dated at 35 to 25 ka and 20 to 13 ka, which 
suggest enhanced activity relative to the modern regime, and were related by Page et al. 
(1996) to enhanced seasonal snow melt in periods flanking the glacial maximum. 
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7.1.1.4 Discussion and comparison of records. 
The northern Australian monsoon-fed sites, although not extensively dated, all record 
major enhancement of lake-levels or stream flow early in stage 5, apparently coincident 
with the deep-water lacustrine Phase V·episode in the Lake Eyre record (Fig. 6.4) . This 
provides clear evidence of enhanced effective monsoon rainfall in that period. The stage 3 
wet period is evident at all sites, except Lake Gregory, where it may be present but, as yet, 
undated. Although this episode was clearly of lower magnitude than the preceding, early 
stage 5 phase, it was still sufficiently significant to be widespread and to raise Lake 
Woods to a level far above the modern lake. This phase consistently dates to the 50 to 40 
ka period which strongly suggests it is equivalent to the Phase II (Fig. 6.4) lacustral episode 
at Lake Eyre. The low water-level of that phase at Lake Eyre suggests that the 
enhancement of precipitation in the catchment was insufficient for effective transmission to 
the lake, presumably owing to the low efficiency of the catchment. The lacustral episodes 
of Phases III and IV (Fig. 6.4) at Lake Eyre, lie between Phases II and Vin magnitude as 
well as in age, but are not recorded in any of the other monsoon records. Phases III and IV 
at Lake Eyre, particularly the latter, are substantially larger than Phase II and their 
apparent absence from the other records is difficult to explain. 
The central Australian lacustrine records are difficult to relate to Lake Eyre because they 
are so poorly dated. The early wetter phase at Lake Lewis, interpreted from enhanced 
groundwater gypsum precipitation and dated to beyond 70-80 ka, might be coincident 
with the enhanced monsoon episode of early stage 5. A similar but later episode, dated at 
60 to 45 ka at Lake Amadeus and slightly younger at Lake Lewis, appears to be 
approximately coincident with the stage 3 events recorded in both monsoon-watered sites 
and winter-westerly-watered sites. However, it is not clear why no equivalent gypsum 
precipitation event has been recognised at Lake Amadeus, associated with the early stage 
5 enhancement of both monsoon and winter-westerly derived precipitation. At Lake 
Frame, the Holocene record matches the Lake Eyre record well, with low-level lacustrine 
conditions early in the Holocene and coincident onset of the modern ephemeral regime. 
The onset of the relatively minor lacustrine episode is apparently earlier at Lake Frame, but 
this maybe an artefact of unreliable radiometric 14C dates which have had minimal 
pretreatment. Resolution of the older deep-water lacustral events at Lake Frame, between 
early stage 3 and stage 5 is not possible at present. 
The stage 5 fluvial activity of the winter-rainfall-fed Riverine Plain streams appears to 
post-date the enhanced monsoon-driven fluvial phases and apparently the early stage 5 
high-lake episode at Lakes Woods and Gregory. This was taken by Nanson et al. (1992) 
to indicate that enhanced effectiveness of winter-westerly rainfall either occurred later, or 
continued longer than, enhanced monsoon rainfall and they have argued for sequential 
drying across the continent from the centre to the coast. However, the Lake Eyre record 
has two stage 5 wet phases (V and IV) which together overlap with the episode identified 
by Page et al. 
A wealth of evidence derived from southern Australia, particularly in the well-dated 
Willandra Lakes and Riverine Plain records of the Murray Basin, conclusively 
demonstrates the reality of a substantial early stage 3 wet phase, suggesting a strong 
enhancement of the winter westerlies. Luminescence dating indicates that this event lies in 
the period 40 to 55 ka. As demonstrated in Section 1.1.2, the surface water level in Lake 
Eyre cannot respond significantly to changes in the local catchment precipitation but other 
elements of the Lake Eyre landscape, such as vegetation and pedogenesis, certainly can 
·respond. It is very likely-that the phase of enhanced pedogenic gypsum mobility and 
occurrence of large trees at Lake Eyre, in early stage 3 (50 to 40 ka), is due to higher local 
rainfall during the enhanced winter-westerly phase, which coincides with the low-level 
lacustral episode of Phase II, which was a response to the minor monsoon enhancement. 
Evidence that, in later stage 3 and in stage 2, Lake Eyre was at least as dry as it is today, 
strongly suggests that the monsoon was relatively inactive during this period. The 
landscape instability, with deflation and aeolian deposition throughout, suggests that the 
winter-westerly regime was not enhanced relative to today and that the enhanced stream 
flows reported by Page et al. (1991, 1996) reflect greatly increased seasonal peak flows 
during the glacial period due to seasonal snow melt, in the South East Highlands, and 
runoff enhanced by widespread periglacial activity. 
7.1.2 Comparison to the marine isotope record. 
Oxygen-isotope analyses of deep-sea cores have revolutionised Quaternary studies over 
the last twenty-five years. The establishment of the relationship between the 
glacial/ interglacial cycles and past oxygen-isotope records of the oceans has provided a 
detailed stratigraphic division of the Quaternary, of use world wide, as oxygen-isotope 
stages (Shackleton and Opdyke, 1973). More recently, analyses of long ice cores and their 
contained atmospheric gases and airborne particles have provided long records with 
similar spectral patterns and resolution of Quaternary climate change. There is a paucity 
of continental sites, apart from the loess sequences of China and central Europe, which can 
be correlated to the marine record beyond the useable limit of radiocarbon dating at about 
35 ka. However, at a global scale, detailed correlation of marine and continental records, 
at glacial/interglacial time scales, is essential if we are to unravel the complexities of cause 
and process in past Quaternary climatic variation. Clearly only large lakes, with 
catchments covering large portions of continents, are likely to integrate climate influences 
over large enough areas to provide records which reflect global rather than regional effects. 
This project has provided a record from Lake Eyre which is the first in Australia that 
provides an opportunity to compare a detailed continental palaeoclimate record with the 
marine record over the past full glacial/interglacial climatic cycle (130 ka). Figure 7.1 
presents the lake-level curve of Figure 6.4 compared with the marine-isotopic record 
(Martinson et al., 1987), the Vostok ice core record of atmospheric C02 variation (Jouzel et 
al., 1987) and the variation in January insolation for 30° N and 20° S (Berger and Loutre, 
1992) as examples of astronomic forcing cycles. 
At the broad scale, Figure 7.1 shows clear evidence of a relationship between the timing 
and magnitude of fluctuations in the level of Lake Eyre and the major glacial-interglacial 
perturbations of the Quaternary, as recorded by the marine oxygen-isotope record and ice 
cores. In detail, however, there are a number of uncertainties in the correlation, which 
suggest either the existence of problems in the stratigraphy and the chronology of one of the 
records, or that the records are out of phase in some sections of the cycle. 
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Stage five sub-stages: The deep-water lacustrine Phase V event, in earliest stage S, must 
have been maintained by a regular regime of flooding, as no dry episodes have been 
detected during this period in the lake sediment sequence. Enhanced effectiveness of 
monsoon rainfall early in stage S·is supported by evidence from other sites including fluvial 
sequences in the middle and upper reaches of the Cooper and Diamantina and streams 
further north and by greatly enlarged phases in Lake Gregory, and in Lake Woods. Later 
in stage S, the Phase IV lacustrine event shows evidence of fluctuation in lake level and 
water salinity, suggesting a decrease in the regularity of inflow. While the trend of reducing 
effectiveness of the lacustral episode mirrors the general trend of the isotope curve, there is 
apparently no close correspondence between the oxygen-isotope sub-stages within stage S 
and the individual Lake Eyre lacustrine events during that period. It is not possible to 
determine the extent, or even the reality, of this lack of correlation because of the lack of 
precision of the luminescence dates. Figure 7.1 indicates that the errors on the dates 
always cover more than an entire sub-stage. Additionally, the orbital tuning chronology for 
the isotope record, lacks precision in defining the age of the sub-stages (Figure A2.l) 
particularly the Sb and Sd troughs which have uncertainties of 6.83 and 6.28 ka 
respectively (Martinson et al., 1987). Until a more precise numeric chronology is available 
for both records, the true nature of correlation within stage S will remain unresolved. 
Late stage 5 to early stage 3: Irrespective of the difficulties in precise correlation of the Lake 
Eyre record to sub-stages in stage S, the high-lake-level Phases V and IV episodes overlap 
with the warm stage Se interglacial and stage Sa interstadial. This contrasts sharply with 
the coincidence of the high-lake-level Phase III event, which is probably the most tightly 
constrained in terms of the timing of the peak of activity, with the stage 4 stadial. Stage 4 
deposits in the marine record are themselves poorly dated with an uncertainty, from the 
orbital tuning chronology, of the stage 3/stage 4 boundary of± S.S6 ka (Martinson et al., 
1987). Occurring at the crucial change from warmer wetter conditions early in the glacial 
cycle to later cold dry conditions, it is extremely important for our understanding of global 
climatic history to resolve whether this apparent lack of correlation is an artefact of 
imprecise dating or is a true out-of-phase relationship. Lake Eyre provides one of the first 
opportunities in the Southern Hemisphere to securely date stage 4 deposits and further 
stratigraphic and chronological work, particularly the application of higher precision 
dating techniques, are required to resolve these questions. 
The early stage 3, Phase II minor lacustral event seems to accord with an interstadial 
relatively warm period, as indicated by the isotope record. 
Late stage 3 to stage 2: The lake-level curve and the isotope record appear to be in phase 
through this period with low lake levels associated with the maximum cold phase of the 
glacial cycle. 
Stage 1: Sediments deposited during the early Holocene lake phase are characterised by 
variations in water depth and salinity, with several dry periods, and the lake may have 
been dominated by variable events, rather than regular inflow, during this time. The 
absence of Holocene beaches equivalent to this lacustrine period indicates the lake was 
below the levels reached by the highest floods of the modern ephemeral regime, which has 
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important implications for the contrast between early and later Holocene lake and 
catchment palaeohydrology. Clearly the early Holocene lake-level was well below levels 
achieved early in stage 5 when sea-level was almost the same and insolation forcing was 
similar. Miller and Magee (1992) suggested that human-induced burning altered the 
vegetation of northern Australia reducing the southward penetration of monsoon moisture 
into the Lake Eyre catchment resulting in lake levels substantially lower than those of stage 
5 . An improved understanding of the record of these events will contribute substantially 
to unravelling the complexities of the interaction between climate change, human activities, 
megafauna demise and ecosystem change in Australia. 
7.2 PALAEOCLIMATIC IMPLICATIONS OF THE LAKE EYRE RECORD 
Global scale Quaternary records such as the marine isotope and ice core variations have 
confirmed the reality of multiple phases of climatic changes and led to widespread 
acceptance of the astronomical or Milankovitch theory whereby variations in solar 
radiation due to perturbations in the earth's orbit are the underlying driving force of the 
climatic cycles . However, the detailed mechanisms of how the earth's dynamic ocean-
atmosphere system responds to insolation forcing are far from clearly understood. It is 
extremely important to determine the reality of apparent in- and out-of-phase 
relationships between sub-planetary scale records such as the Lake Eyre record and the 
planetary scale marine isotope record. Many of the keys to understanding and unravelling 
the complexities of the climate system response to astronomic forcing, undoubtedly lie in 
the different response of regional and sub-planetary systems. It is therefore crucial to 
interpret records, such as Lake Eyre, entirely as they appear, and not assume faulty 
chronology where mis-matches to the isotope record occur. 
The significant catchment for Lake Eyre is in the northern Australian monsoon rainfall zone 
and major lacustrine episodes in Lake Eyre must represent an increase in the effectiveness 
of monsoon rainfall. The major lacustral phase early in isotope stage 5 suggests a marked 
enhancement of the Australian monsoon at that time. The successively less effective 
lacustral phases which followed presumably represent a gradual diminution of that 
enhancement process. However, it is important to realise that the hydrologic response of 
the catchment to climate change is not a simple relationship. Many large catchments do 
not respond to precipitation change in a linear manner (Chappell and Bardsley, 1985) and 
an abundance of data are required to model the relationship accurately. Such data are not 
available from the Lake Eyre catchment which is extremely large and covers an array of 
physiographic and biological regions. As discussed in Section 5.4, the existence of beaches 
in clusters rather than a continuum indicates thresholds in the catchment response to 
climatic change. The lake-level record cannot discriminate between a change in the 
monsoon due to climate forcing and a change in the effectiveness of the catchment response 
to a changed monsoon regime. Thus the relationship between the magnitude of climate 
change and catchment response is complex and non-linear, and lake-level should not be 
taken as a simple proxy of monsoon strength, much less of astronomic forcing. 
Debate exists about the nature of the modern Australian monsoon dynamics, as to the 
importance of the Australian heat low for monsoon generation (Allen, 1984; Suppiah( 
1992). This debate revolves around the question of whether the monsoon is effectively 
driven by Northern Hemisphere processes and merely anchored by the Australian heat low 
or whether the Australian heat low plays a more active role in drawing in monsoon flow. 
This debate is mirrored in competing hypotheses about the controls of major changes in the 
monsoon in the past. Miller et al. (1996) have suggested that the primary forcing 
mechanism is external to Australia and relates to changes in insolation of the Tibet Plateau 
during the Northern winter. On the other hand, Chappell and Syktus (1996) have argued 
that summer insolation over northern Australia is the primary forcing factor for the 
Australian Monsoon. Clearly, a well-dated monsoon record, such as the lake-level curve 
from Lake Eyre, can provide an important check of the correctness of these competing 
models. Accordingly, the insolation data for January for 30° N and 20° Sare included in 
Figure 7.1 for comparison with the Lake Eyre lake-level record. It is apparent that phase 
relationships fluctuate between the Lake Eyre record and the insolation curves. 
7.3 RECOMMEND A TIO NS FOR FUTURE STUDY 
This study has considerably advanced our understanding of the Palaeoenvironmental 
history of the Lake Eyre Basin, particularly over the past 130 ka of the basin record. It has 
achieved that by a combination of techniques: 
1. A detailed stratigraphic and sedimentological analysis of a wide variety of sites across 
the basin from a wide variety of depositional environments. The total number of sites 
studied is about twice the number presented in this thesis. Those omitted have been 
studied in similar detail, but are not included because of thesis size limits. However, the 
undescribed observations enhance confidence in the stratigraphic framework erected. 
2. The establishment, for the first time, of a framework of absolute levels for studying the 
stratigraphy of the basin. Almost all sites studied have been levelled to AHD datum, 
often with considerable effort and difficulty. In a study of lacustrine systems, this 
information has been a cornerstone. 
3. Probably the most important advance has been the application of numeric dating 
techniques to the stratigraphy. In an environment where horizontal separation of units is 
the norm, numeric dates have repeatedly turned stratigraphic speculation into correlation. 
This study, and the results achieved, would not have been possible without the advent and 
availability of luminescence sediment dating and the application of amino acid 
racemization dating to bird eggshell. 
However, any worthwhile project is never finished and, for those who might wish to 
extend the results achieved in this study, there are many potential avenues for 
improvement of the Lake Eyre record. 
7.3.l The past 130 ka 
7.3.1.1 Improving the stratigraphic definition 
There are a number of substantive ways in which the stratigraphic record of the past 130 
ka can be improved. The wet phases recognised in the record, by the deposition of fluvial 
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and lacustrine sediments, are always separated by dry phases, which are marked by 
deflation of lacustrine sequences and incision into fluvial sequences. Defining the timing 
and duration of these events is problematic because they appear as gaps in the lacustrine 
and fluvial sequences, which have been the main focus of this study. Additionally, there is 
the likelihood that some of th~ sediment 'deposited prior to the dry phase will be removed 
during the erosive phase, further obscuring the stratigraphic and chronologic definition. 
The deflation events are likely to be represented by playa-marginal deposition of sediment 
downwind of the basin. As has been amply demonstrated in Bowler's (1973, 1983) 
analyses of Willandra Lakes lunette sequences, playa-marginal deflation deposits are an 
invaluable archive of lacustrine environments. Stratigraphic and chronologic analyses of 
the Williams Point aeolian unit and the Shelly Island unit have established the value of 
these deposits at Lake Eyre. Large lunettes on the relatively inaccessible northeastern 
shore of Lake Eyre North, between the Cooper and Warburton Creek mouths, are a prime 
target to obtain a complete stratigraphic record of Lake Eyre deflation events over the past 
130 ka. These sediments are likely to be ideal for luminescence dating and to contain 
abundant bird eggshell for use in AAR and U-series dating. 
There is considerable discrepancy between the chronologic results obtained in this study by 
AAR and OSL techniques from the +5 and +10 m AHD beach ridges and TL dating of the 
same features by Nanson et al. (in press). This conflict should be resolved by a transect of 
trenches, dug across the ridges by mechanical excavator. This would allow full 
examination of the stratigraphy within the ridges and enable multiple samples to be 
obtained for systematic cross dating by TL, OSL, AAR and U-series techniques. 
There is also disagreement between the results presented in this study and the recognition 
of early stage 3 deposits in the +5 m AHD beach ridge, from TL ages, by Nanson et al. (in 
press). The previously mentioned beach ridge transect should also help resolve this 
conflict but, in addition, a transect of cores across the Lower Muloorina Plains, on the lake 
side of the +5 m AHD beach ridge would establish the presence or absence of stage 3 lake 
sediment. 
Finally, substantial effort should be committed to improving the recognition, chronology 
and levelling of beach and shoreline features across the whole basin to enable the extent of 
equivalent shorelines to be mapped, thereby establishing the size of the palaeo lakes. This 
will greatly assist the computation of quantitative palaeohydrologic factors. 
7.3.1.2 Improving the chronology 
Obtaining a complete deflation record, as outlined in the first point of the previous section, 
will greatly improve the chronology of the basin record, even without the application of 
improved techniques. However, a number of specific examples of improvements in the 
chronology by the application of new techniques or new applications of present techniques 
can be suggested: 
l. The TIMS U-series dating of eggshell has the potential to greatly improve the precision 
of the chronology throughout the past 130 ka, to a level which would allow detailed 
correlation to other records, such as the isotopic stage peaks, troughs and boundaries . 
Further work is required before this is possible, to establish criteria which will filter out 
unreliable dates. The first step in achieving this will be to cross-date a series of emu 
eggshell in the 10 to 30 ka age range which have been AMS 14C dated. 
2. The peripheral playa sequertce, described from Madigan Gulf, has a number of units 
which are believed to be correlatable to the Shelly Island unit at the playa margin. These 
sediments should be dated using AMS 14C, on organic carbon fractions subjected to 
rigorous pretreatment regimes, as was done for the playa central sequence of Core 82/2 by 
Gillespie et al. (1991) . 
3. At the same time, the equivocal 30,000 years BP results obtained by Gillespie et al. 
(1991), from the laminated shallow-water evaporites in Core 82/2, should be resolved by 
additional dating above and below that level. 
7.3.2 The older record 
This study has concentrated on the record of the past 130 ka but, as demonstrated by the 
Lake Hydra to Lake Dom transect in the Tirari Desert, there are widespread older 
Quaternary sequences in the basin. The Lake Eyre Basin has the potential to produce a 
high quality record right through the Quaternary, if methods of numeric dating become 
available. As first step towards achieving this, cores should be taken for palaeomagnetic 
analyses, to establish a reversal stratigraphy. There are two immediate targets for such 
work: 
l. The Kutjitara Formation lacustrine deposits at Pink Pool Bend and other sites which 
may exist in that region. 
2. A transect of cores on the Upper Muloorina Plains, on both sides of the +25 m AHD 
beach ridge. Sediments beyond the Brunhes-Matuyama boundary are almost certain to be 
encountered in such a transect. 
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Appendix 1. SEDIMENTARY COMPONENTS AND FACIES 
The Quaternary stratigraphic sequence of the Lake Eyre region contains elastic, biological 
and chemical sedimentary components which have been deposited in fluvial, lacustrine 
and aeolian environments. Post-depositional pedogenic, erosional and groundwater 
processes have modified sediments from all environments by truncation, change of fabric, 
precipitation of secondary components and translocation of soluble components and 
clays. This chapter firstly examines the nature of the sedimentary components of the 
sequence, then describes the combination of sedimentary components and other 
characteristics which characterise different depositional environments in the sequence using 
a facies approach. Finally, a simplified depositional model for the Lake Eyre basin is 
presented which examines depositional processes in the lake at various climatically-
controlled hydrological stages. This appendix provides a framework for the detailed 
stratigraphic descriptions of sites (Chapters 2, 3, 4 and 5) and the environmental 
interpretations which are drawn from those descriptions. 
Al.1 SEDIMENTARY COMPONENTS 
Clastic sediments are mainly derived from fluvial transport but aeolian transport and 
shoreline erosion can also be significant sources. Observations of shoreline attrition during 
major fillings this century (Dulhunty, 1989; Bye and Will, 1989) and the development of 
cliffs and major gravel beach ridges at high lake levels in the past (Chapter 5; Magee and 
Miller, in press; Nanson et al., in press) are evidence of the efficacy of shoreline erosion. 
Clastic sediments can be deposited in fluvial environments during aggradation phases or 
transported into the lake and deposited in deltas, as shallow-water and beach sand and 
basin centre mud and clay. Redistribution of shoreline sand by longshore drift, controlled 
by prevailing winds and currents, produces beaches and foredunes on the downwind 
margin allowing the incorporation of lacustrine sand and biological carbonates into source-
bordering transverse dunes and ultimately into the regional longitudinal dunefield. During 
groundwater-dominated playa phases, lacustrine mud and clay, deposited during prior 
deep-water phases, can also be deflated from the basin, with associated chemical 
components, to lunettes and the dunefield. Biological sediments include a variety of 
biogenic and bio-induced carbonates and chemical sediments are dominated by gypsum 
and halite evaporites with minor inorganic carbonate. Carbonate and gypsum are 
commonly reworked in the basin, and commonly mixed with allogenic elastics. 
Clastic sediments predominate in all environments particularly in fluvial settings where 
other components are virtually absent. Aeolian environments contain some autochthonous 
biological components and some reworked biological and chemical components, 
particularly from lacustrine sources in lake-marginal aeolian deposits. Lacustrine 
sediments are the most variable and can contain abundant biological and chemical 
components. 
Al.1.1 T errigenous elastics 
Terrigenous sedimentary components are those which are derived from the breakdown of 
pre-existing rocks and are generally considered to be transported to the basin. Because of 
326 
the size of the basin, the terrigenous components have been transported long distances and 
have passed through many cycles of erosion, transport and sedimentation. Grains 
resistant to physical disintegration and the end products of chemical weathering 
predominate. Well rounded quartz is the dominant sand-sized grain; heavy mineral grains 
occur occasionally but feldspars and mafic grains are virtually absent. 
Al.1.1.1 Sand and gravel 
Al.1.1.1.1 Beach sand and gravel 
Sand-sized terrigenous elastics are restricted to the basal transgressive unit of the 
lacustrine sequences and beach and nearshore zones of the lacustrine facies. Beach 
deposits at Lake Eyre include high energy water-deposited sand and gravel, associated 
with overlying and adjacent aeolian foredune sand. Grains consist dominantly of quartz 
with variations in the degree of sorting and rounding. Carbonate grains include ooids, 
reworked Etadunna Formation dolomite grains, and biological particles, in the form of 
abundant mollusc shells, ostracod remains, and charophyte oogonia as well as rarer algal 
tubes and mats, fish remains, bird eggshell fragments and foraminifera. With lake fetches 
of many tens of kilometres, high energy beach conditions, during high-lake-level periods, 
have resulted in an abundance of gravel-sized clasts where sources are present. Gravel is 
especially abundant along the southern margin of the lake where the shoreline erodes 
bedrock and silcrete and inflowing streams drain bedrock terrain. Clasts are dominated by 
silcrete and quartz and commonly are irregular and sub-rounded and occasionally well 
rounded. Longshore drift has transported gravel up to a few tens of kilometres from 
bedrock and silcrete sources with an associated decrease in clast size, a higher degree of 
rounding and an apparent increase in quartz dominance. As distance from source 
increases, gravel becomes rarer and is rare north of the Clayton River. Virtually the only 
gravel-sized clasts in the low gradient reaches of the Lower Cooper and Warburton Creeks 
are mud-ball, gypsum, celestite and bone intraclasts, which are insufficiently durable to 
survive high-energy beach reworking. 
Rising lake level results in expansion of the water body across formerly dry land and 
falling lake level results in exposure of former lake floor as dry land. These are referred to 
as transgression and regression and are analogous to marine processes of the same name. 
However, the factors contro1ling sedimentation are not the same as in the marginal marine 
environment and the use of descriptive terms such as 'transgressive/regressive sand' or 
'transgressive/regressive phase' in this thesis only implies that the lake was rising/falling 
Plate Al.1. Playa facies sandy sediments. Lower case labels indicate lithological 
characters and features. cp = clay pellets; me = micritic carbonates (microbial mat 
fragments or reworked Etadunna Formation?); o = ooid with quartz core; rdg =reworked 
discoidal gypsum; brdg = broken reworked discoidal gypsum; q = quartz; 
A. Thin section of playa sand at -14.55 m AHD in Core LE 83/3. Crossed polarisers 
B. Thin section of ephemerally-flooded playa sand at -15.46 m AHD in Core LE 83/3. 
Unit is dominantly reworked discoidal gypsum crystals, some broken by transport, and is 
graded suggesting deposition in a single ephemeral flood event. Crossed polarisers 
I 0.5 mm I 
Plate Al.1. Playa sands. 

at the time of deposition, and sediment geometries characteristic of marginal marine 
transgressive / regressive sequences do not necessarily occur. 
High-energy water-laid sediments are deposited during transgressions and regressions of 
the lake and can be preserved as thin units in stratigraphic sequences. The occurrence, 
nature and extent of shallow-water high energy deposits and beach ridges depends on the 
rate of transgression and regression and the duration of still-stands, particularly during the 
regression. At the onset of a wet phase, a transgressive high-energy shallow-water unit 
extends across the lake floor as the water level rises. Beach ridges, which contain both 
water-deposited sand and gravel and aeolian foredune sand, are built when the lake has a 
still-stand at a particular level. As lake-level rises, previously deposited beach ridges 
which are overtopped can be reworked and in some cases obliterated. For instance, the 
1974 filling, which rose to approximately -9.Sm AHD, completely destroyed beaches 
deposited by the 1950 filling which reached approximately -10.3 m AHD (Dulhunty, 
1978). If the rise is sufficiently rapid, overtopped beach ridges may be modified but 
survive because their exposure to high energy conditions is brief. 
As the lake recedes, a regressive high-energy shallow-water unit develops as the lake-level 
falls, although lacustrine sediment deposited during the previous lacustral phase, including 
the transgressive sands, can be reworked. Still stands during the regression will register as 
a succession of beach ridges stranded inside and at lower levels than the beach ridge 
constructed at the highest level reached during the wet or lacustral phase. If the regression 
is very rapid and continual the beach sand unit will be very thin, perhaps discontinuous, 
and no beach ridge will form until the lake level stabilises. 
Al.1.1.1.2 Basin centre and playa fades sand 
In the basin centre sand-sized terrigenous sediments are virtually absent from the lacustrine 
fades but chemical components, particularly gypsum, are frequently reworked as fine 
sand-sized elastics. 
In the playa fades, sand-sized elastics occur commonly and are distributed more widely 
across the basin. Clasts are dominantly quartz, but carbonate grains and reworked 
discoidal gypsum can occur commonly (Plate Al.1). Carbonates are dominantly ooids, 
algal carbonates and detrital Etadunna Formation dolomite grains, and are often broken 
and abraded indicating considerable transport from beach and nearshore sand sources. In 
the present playa environment, abundant sand-sized grains saltate across the flat playa 
floor during periods of strong offshore winds, to become stranded on the playa surface, 
when the wind drops, and trapped by the surface roughness or incorporated into surface 
efflorescent salt crusts. Saltation across the dry playa floor is believed to be the dominant 
source of playa-fades sand but shallow water movement during ephemeral floods may 
also be a significant mechanism for transporting grains. 
Al.1.1.1.3 Pluvial sand and gravel 
Gravel-sized clasts occur abundantly in shorter local streams which drain bedrock and 
silcrete-rich terrain south and west of the Lake and currently flow into Lake Eyre South. 
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Other longer local tributaries, such as the Frome Creek and the Clayton and Neales Rivers, 
have bedrock sources further from the lake and are characterised by low gradient lower 
reaches, which often have relict gravels, sometimes partially cemented, but the modern 
stream channels appear to transport minimal gravel-sized material. As mentioned above, 
the low gradient reaches of the lower Cooper and lower Warburton Creeks only contain 
intraclast gravel-sized material in the form of mud-balls, celestite nodules, bone fragments 
and gypsum crystals and aggregates. As sediments from the Cooper and Warburton are 
the only fluvial sequences which are examined in detail for this study, terrigenous fluvial 
gravels have not been studied closely. 
Pluvial sequences examined in this study are dominated by terrigenous sand-sized 
sediment consisting mainly of well rounded and well sorted quartz, which varies in texture 
from very coarse to very fine sand-sized grains depending on the environment of 
deposition. Heavy mineral grains occur, occasionally, and mafic minerals and feldspars 
are virtually absent. Rare reworked Etadunna Formation dolomite grains are the only 
carbonates, as biogenic and bio-induced carbonates are absent except for rare mollusc shell 
coquina accumulations. 
Pluvial sand sediments are predominantly associated with channel depositional 
environments and usually have sedimentary structures which indicate high-energy 
deposition. Channel sand deposits are usually coarse to very coarse at the base, where 
they are commonly associated with intraclast gravels, and fine upwards to coarse and 
medium sands which are usually trough cross bedded. Mud and clay are typically absent 
from the channel sand deposits. Channel-marginal deposits are fine to very fine well-
rounded and sorted quartz sand with climbing ripples which usually have thin 
discontinuous mud drapes. These channel and channel-marginal sand sediments are 
usually associated in broad (kilometre scale) lateral accretion sequences up to 5-6 m in 
thickness, deposited in point bars of actively migrating meandering streams. Lateral 
accretion surfaces can occasionally be traced over tens to hundreds of metres. 
Thinner units (centimetre to decimetre scale) of fine to very fine sand occur, often 
associated with overbank muds. The sand of these units is similar to the climbing-rippled 
channel-marginal deposits, but internal sedimentary structures and mud intercalations are 
generally absent. These sand units are interpreted as sheets of sand which are transported 
beyond the channel margins and deposited on the flood plain by flood events. Modern 
sheet sand deposits of this type were observed on the Warburton Creek flood plain after 
the 1991 flood. In some sequences, thin sheet sands (centimetre scale) are regularly 
interbedded with thin conformable overbank mud units, strongly resembling the flood 
couplets described by Bourke (1994), which are presumed to represent a single flood event 
with a transition from sand sheet bedload to mud suspended load deposition through a 
flood cycle. 
Al.1.1.1.4 Aeolian sand 
There are two major categories of aeolian sediments in the vicinity of Lake Eyre; firstly, the 
transverse dunes, lee-side mounds and lunettes on the downwind margins of lakes, playas 
and river tracts, and secondly, the dunes of the longitudinal dunefields . Although, in 
common with most arid regions, the latter are the most widespread surficial deposits in the 
region they have not been a focus of this study and their sedimentological characteristics 
will not be discussed. 
Transverse dune sedimentology is a product of conditions in the source area as well as 
reflecting the deflationary processes and mechanisms. Lunettes are dunes on the 
downwind margin of lakes, formed from sediments deflated from the lake beach shoreline 
during wet phases and from the lake floor during arid saline phases. Bowler (1973, 1983) 
has described the relationship between lunettes and the hydrological conditions in the lake 
at their time of deflation, thereby establishing them as high quality archives of palaeo-lake 
conditions. Transverse dunes also occur on the downwind margin of the Cooper and 
Warburton valleys, particularly the latter where large lee-side mounds were described by 
Wopfner and Twidale (1967). Transverse dune sediments commonly cap lacustrine and 
fluvial sequences and at such sites their internal stratigraphy is exposed in the upper 
portion of playa-marginal or river-marginal cliff exposures. Containing abundant quartz, 
deposited by aeolian processes ideal for bleaching to occur, transverse dunes are very 
suitable for luminescence dating. They also commonly contain biogenic carbonates, 
including reworked lacustrine components as well as autocthonous bird eggshell, which 
provide additional opportunities for dating, particularly the latter. Thus, transverse 
dunes, in commonly providing a well exposed stratigraphy, rich in palaeoenvironmental 
information and amenable to multiple-dating techniques, have been important sources of 
data for this project. 
Lunettes are formed by deposition of sand-sized sediment deflated from a lacustrine 
source and transported by saltation to the downwind margin of the lake. Lunettes 
associated with lake-full phases are derived from beach and nearshore sediments and are 
therefore dominated by quartz with lacustrine carbonate grains commonly abundant and 
grains are modified by aeolian transport. Grains tend to be finer textured and better 
sorted than in the lacustrine sediment source. Carbonate grains are dominated by ooids 
and larger, more robust biological grains such as algal tubes, gyrogonites and mollusc 
fragments; all these are commonly broken and abraded. More delicate biological 
carbonates, such as ostracods, forams and small mollusc fragments are destroyed by 
abrasion. Bird eggshell fragments occur; include waterbird eggshell which is reworked from 
beach sediments, and terrestrial eggshell components from emu and Genyornis. 
Lunettes associated with groundwater-controlled playa deflation stages are derived from a 
wider range of lacustrine sediment sources including lacustrine and playa sediments of the 
basin centre in addition to nearshore and beach materials. Quartz and lacustrine 
carbonate grains from beach and nearshore environments, similar to those in the lake-full 
lunettes, can occur but in reduced abundance. Quartz grains from playa marginal sandy 
clay and clayey sand units also occur, often with adhering remnants of playa clay 
sediment, especially on low points or hollows on the grain surface. These components are 
deposited along with abundant sand-sized discoidal gypsum crystals which crystallised 
from groundwater early in the evolution of the salt efflorescence events which disrupt the 
sediment, and pelletal clays, derived from the disruption of lacustrine and playa clay 
units. The characteristics of these distinctive components are described in detail below. 
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Al.1.1.2 Mud and clay 
Silt and clay occur in all environments with variations of relative abundance, colour, 
structure and mineralogy which are commonly environmentally determined. The relative 
abundarice of silt and clay is related to depositional environment in Lake Eyre sequences. 
Deep-water lacustrine sequences are low in silt, especially where remote from fluvial 
inflow; for example, the lacustrine units in the Madigan Gulf sequence which always have 
less than 10% silt (Chapter 2) and even this is probably a maximum value owing to the 
presence of undispersed clay aggregates and silt-sized gypsum crystals. The silt content of 
fluvial muds is more variable but is in the 20-30% range at Kutjitara West Bluff on the 
Lower Cooper Creek (Chapter 3) and even more abundant in Neales River sediments (50-
90 %) where silt is always more abundant than clay (Croke et al, in press). In the only 
delta sequence examined in detail, in the valley of the Lower Neales River, Croke et al (in 
press) report a horizontally layered sequence of mud units, of probable early stage 5 age, 
which are mostly greater than 90 % silt. 
These observations indicate that the suspended load of streams feeding Lake Eyre contain 
abundant silt and that a variable, usually significant, portion is deposited in vertical 
accretion fluvial sediments and most of the remainder is deposited in delta deposits where 
the stream enters the lacustrine environment. Only a small quantity of silt enters the 
lacustrine depositional environment and deep-water lacustrine mud-rich sediments are 
clay dominated perhaps owing to the rapid rise in salinity where river water enters the 
brackish to saline lake, which results in rapid flocculation and clumping of sediment 
particles coincident with a dramatic fall in transport competency. 
It is not possible to discriminate the silt and clay content of muds from field examination 
or even laboratory examination which does not include specific quantitative textural 
analysis. Additional quantitative size analyses are required before silt content can be used 
as a diagnostic criteria to differentiate fluvial, deltaic and lacustrine environments. 
However, the relationship is sufficiently established to enable the use of the descriptive 
terms 'lacustrine clay' and 'fluvial and deltaic mud' for units which have not been subjected 
to size analyses but can be related to a particular depositional environment by other 
criteria. 
Al.1.1.2.1 Lacustrine clay 
Clay occurs in both lacustrine and playa facies and is present in most sub-environments. 
In the playa facies, clay generally forms a uniform non-laminated matrix, red-brown in 
Plate Al.2. Oriented clay. Lower case labels indicate lithological characters and features. 
qz = quartz silt grains. 
Thin section of laminated lacustrine sediment at -14.85 m AHD in Core LE 82/3. 
Oriented clay laminae with bedding at the 45° position to show maximum illumination of 
aligned clay particles under crossed polarisers. Abundant small dark brown areas within 
the clay laminae are iron oxides and hydroxides which have replaced iron sulphide 
framboids, which formed in the clays due to the activity of sulphate reducing bacteria that 
existed in the anoxic conditions present at the time of deposition. 
Plate · · Al 2 Oriented clay. 

colour due to the strongly oxidising nature of the dominantly dry-lake environment. Playa 
clay is derived from ephemeral inflow and aeolian accession and sedimentary structures 
are destroyed by pedogenic processes, biological activity, displacive evaporite crystal 
growth and disruption of the matrix into aggregates. The lacustrine facies contains clay 
which is water-deposited _ and ·dominated by green and grey colours, indicating less 
oxidising conditions than in playa environments. Indeed, some of the lacustrine clays have 
very dark green-grey and blue-grey colours and are relatively rich in sulphides, indicating 
strongly reducing conditions. In common with lacustrine sequences described from 
elsewhere in Australia, at Lake Tyrrell (Bowler and Teller, 1986) and at the Prungle Lakes 
(Magee, 1991) there are two distinctive lacustrine clay types which occur at Lake Eyre, 
non-oriented and oriented clay. 
Non-oriented clay 
Non-orientated clay consists of clay particles which have no preferred orientation, as 
indicated by random extinction patterns, and it occurs in relatively thick non-laminated 
units (1-30 cm) which are dense and usually calcareous, commonly with silt grains. This 
component lacks sand-sized elastics, evaporites and evidence of any ephemeral influx, 
such as internal graded layers and silt partings. Small isolated (1-3 m) carbonate rhombs 
occur in the clay matrix. These clays are interpreted as deposited under constant 
conditions in a perennial deep water lake with water sufficiently fresh to prevent the 
development of salinity stratification. Carbonates can be finely comminuted detrital or 
biological carbonates or fine inorganic precipitates. This clay type occurs only in the 
lacustrine fades, in basin-centre environments. 
Oriented clay 
Oriented clay laminae commonly show a strongly developed preferred orientation of clay 
particles parallel to bedding. This appears in thin section as uniform illumination of the 
layer in the 45° position under crossed polarisers (Plate Al.2). Oriented clay occurs in thin 
(up to 2 mm) laminae of generally non-calcareous clay, commonly with silt grains, well 
developed normal grading and shrinkage cracks. Laminae are finely interlaminated with 
gypsum evaporites and are interpreted as inflows, probably seasonal, of sediment charged 
floodwaters into a water body at gypsum saturation (Bowler and Teller, 1986; Magee, 
1991). 
Clay orientation is discussed in detail by Magee (1991) who concluded that despite the 
likelihood that flocculation in these saline environments would be expected to produce an 
edge-to-face non-oriented structure, moderate compaction and dewatering processes can 
realign platy clay particles parallel to bedding and produce a preferred orientation. This 
implies that orientation of clays should occur more commonly and in a wide range of 
environments, and that additional post-depositional factors usually prevent preservation 
of preferred orientation. Bowler and Teller (1986) attributed the preservation of oriented 
clay to the exclusion of sediment churning benthos by high salinity. The existence of 
oriented clays in other settings, where benthos was excluded by anoxic water caused by 
thermal stratification of the water column, was taken by Magee (1991) as supporting this 
suggestion. Sealing of the clay laminae by thin but dense and continuous gypsum evaporite 
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layers probably also aids in preservation, even when changes in lacustrine conditions might 
subsequently favour benthos. 
At Lake Eyre, oriented clay laminae occur in the perennial saline lacustrine facies and 
rarely ·in the ephemerally flooded playa facies where wide variations in lake level do not 
favour their formation or preservation. 
Al.1.1.2.2 Pluvial mud 
As outlined above, fluvial mud contains a greater, but variable, abundance of silt than 
lacustrine fine-grained sediment, normally a minimum of 20-30 %. Mud is relatively 
abundant in fluvial environments: as drapes in channel-marginal climbing-ripple sequences, 
as overbank vertical accretion deposits and as within-valley ox-bow or billabong lake 
infills. A more minor occurrence of mud in fluvial environments is as mud-ball intraclasts 
in basal gravels of channel sediments. 
Mud drapes are always present in fine sand-rich, channel-marginal, climbing-ripple 
sediments but can vary from rare to abundant (1-2% up to 50%). Drapes are always 
discontinuous, typically around 5 cm in length rarely more than 10 cm, and are lens shaped 
with a maximum thickness of 1-2 mm and rarely up to 3-4 mm where drapes are abundant 
and total mud content is high. They do not display internal sedimentary variation or 
structure, even in the thicker examples. Mud drapes are usually orange and orange brown 
in colour and occasionally olive-brown and grey-brown. The dominance of orange 
colouration is believed to be secondary, due to post-depositional oxidation of iron in the 
clay minerals, although thin sections have not been available to confirm this suggestion. 
Oxidation is believed to be enhanced by the open fabric of the clean well sorted fine sand 
which generally forms the major component of these sediments and the large ratio of 
surface area to volume of the drapes themselves. Even where drapes are abundant and 
mud content of the total sediment up to 50%, oxidising conditions can readily affect the 
whole unit. Mud drapes are not generally affected by other pedogenic or post-depositional 
modification, with the exception of occasional soft-sediment loading deformation and the 
precipitation of displacive, discoidal secondary gypsum at the upper mud boundary or 
within the mud. 
Overbank mud units have been deposited by vertical accretion processes on the river valley 
flood plains and vary from relatively thin (cm to decimetre scale) and discontinuous units, 
probably deposited from the suspended load of a single flood, to thicker (metre scale) 
more widespread units traceable for many kilometres, which represent prolonged flood 
plain deposition from multiple flood events. Overbank muds occasionally contain 
subdued primary sedimentary structures, especially sub-horizontal fine sand laminae and 
indications of grading in the thin mud units of flood couplets. Primary sedimentary 
structures are mostly absent due to post-depositional pedogenic modification. Muds often 
have a blocky pedal structure due to the development of sub-vertical and sub-horizontal 
cracking. Shiny clay skins often occur on the faces of these peds formed as cutans of 
translocated clay or as slickenside surfaces produced when peds move relative to each 
other as wetting and drying causes expansion and contraction. Ped surfaces usually have 
dark brown to black dendritic nodules of secondary manganese up to 1 to 2 cm which can 
be very abundant. Secondary gypsum occurs as displacive discoidal crystals which can 
occur singly, as intergrown nodules and more rarely as thin planar sheets and plates in 
sub-horizontal or sub-vertical cracks. Overbank mud units are always red or orange-
brown to chocolate brown in colour, reflecting the dominantly oxidised state of the iron 
and manganese owi~g to the periods of prolonged subaerial exposure which follow the 
flood depositional events. 
Mud units deposited as sediment infill in within-valley, ox-bow or billabong lakes occur 
more rarely in the fluvial sequences examined. These mud units are usually decimetre scale 
layers which are often separated by thin fine to medium channel sand units. Similar sand 
commonly occurs as thin laminae within the mud units and sub-horizontal lamination is 
often evident. The colours are usually olive grey or grey, indicating a depositional 
environment less oxidising than for overbank muds, owing to prolonged existence of sub-
aqueous conditions. The blocky structure, modified clays and secondary manganese 
deposition, which are ubiquitous in the overbank muds, do not occur. Secondary 
displacive discoidal gypsum crystals can occur singly or as intergrown nodules. Also 
occurring in these units are distinctive, small rootlet holes (diameter 1 mm or less), 
occasionally abundant, which have surrounding halos of yellow or brown more oxidised 
sediment. These are interpreted as formed by the roots of aquatic macrophytes, with 
oxidation caused by respiration by the plant rootlet, and indicate water depth of a few 
metres or less, and water clear enough for light penetration and photosynthesis to occur. 
At some sites (eg Punkrakadarinna, Chapter 4.2.3.2) the within-valley lakes were 
sufficiently large and permanent for evaporites to be interbedded with mud and sand 
units, including sedentary gypsum layers which indicate prolonged existence of 
evaporative conditions (see Section Al.l.3.1.3 below). 
Al.1.1.2.3 Aeolian pelletal clay 
Reworked sand-sized clay pellets or aggregates are a common component of Australian 
playa environments. Bowler (1973, 1983) demonstrated their origin by disruption of 
sediment matrix during the growth of displacive evaporite salts, at the capillary fringe of 
the water table(Plate Al.5 A). Clay aggregates produced by this process can be reworked 
by wind or water as sand-sized particles. Clay aggregates occur in the dry playa fades as 
very poorly sorted ragged particles which are probably evidence of in situ disruption of the 
sediment matrix. They are also commonly locally reworked in ephemerally flooded playa 
fades, generally with minimal sorting and rounding. Clay pellets, usually rounded and 
sorted, occur in many of the sandy nearshore lacustrine fades units (Plate Al.1 A), 
probably derived from shoreline erosion of old playa or aeolian units. Only the highest 
energy beach environments, where clay pellets cannot survive, are almost entirely clay free. 
Clay pellets are most common in playa marginal aeolian deposits or lunettes, commonly 
accompanied by sand-sized displacive gypsum crystals, also reworked from the playa, 
and quartz sand and carbonate grains reworked from nearshore and beach environments. 
The nature of the clay pellets varies according to nature of the lake sediment deflation 
source and they can be oriented or non-oriented clay. Pellets with very highly oriented clay 
fabrics and with well developed grading, which occur rarely, are probably reworked 
fragments of mud curls. Pellets within individual layers tend to be well sorted and 
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rounding varies, according to the distance of transport, from irregular or ragged to very 
well rounded. Bowler (1973, 1983) has demonstrated that the horizontal lamination 
typical of many lunettes is due to the hygroscopic nature of salts associated with clay 
pellets which stabilise laminae when moisture becomes available. When gypsum crystal 
and/ or quartz content is high, sands become more free running and the cohesive effects of 
hygroscopic salts is counteracted resulting in more typical aeolian cross bedding (Magee, 
1991). 
Al.1.1.3.4 Clay mineralogy 
In all depositional environments around Lake Eyre the clay is a variable mixture of 
kaolinite, illite, montmorillonite and inter layered montmorillonite/illite. Kaolinite is 
always present, but rarely dominant, and the other clay species are much more variable 
and occasionally absent. Palygorskite occurs at the base of all cores, occasionally in 
abundance, and its ubiquitous association with dolomite and with visible sand-sized 
reworked Etadunna Formation grains suggests it is contained in those grains. At virtually 
all sites where clay mineralogy has been determined there is no obvious pattern or 
occurrence which suggests anything but a detrital origin for the mineralogy. A possible 
exception is an occurrence of palygorskite in a sample of loose sediment at the playa 
surface collected from north of the salt crust of Madigan Gulf, Lake Eyre North, in 1982. 
This sample was of playa sediment disrupted by salt efflorescence due to a minor lowering 
of water table during the intense drought of that year (Bowler, 1983, Plate Al.5 A), and 
contained sufficient palygorskite for detection by X-ray diffraction but negligible reworked 
Etadunna Formation grains as indicated by visual examination and an absence of dolomite 
in XRD analyses . This strongly suggests the possibility that conditions in the zone of 
efflorescent salt crystallisation at the capillary fringe of the saline water table were suitable 
for the authigenic growth of palygorskite. The occurrence of palygorskite reported by 
Bowler (1983) from a nearly identical setting at Lake Tyrrell, north western Victoria, 
supports this possibility. Palygorskite which occurs in playa sediments in the upper part 
of Core LE 82/3 at -14.6 m AHD, where negligible detrital Etadunna Formation grains 
occur, could be preserved from an prior episode of capillary fringe salt efflorescence. 
Al.1.2 Carbonates 
Carbonates in the sequence are either detrital or precipitated within the basin, inorganically 
or biologically with the latter predominant and include both shell and skeletal carbonates 
(biogenic) and carbonates precipitated by alteration of water chemistry during 
photosynthesis by aquatic macrophytes or algae (bio-induced). Grains from all sources are 
commonly reworked. Carbonates occur most commonly in the lacustrine facies, especially 
in the shallow water sandy fades and the non-oriented deep water clay but are rare in the 
shallow water saline lacustrine fades. They occur sporadically in the playa fades but 
usually as reworked grains. Minor biogenic carbonate occurs as a primary component of 
the ephemerally-flooded playa sediments. 
Al.1.2.1 Detrital carbonate 
Sand-sized, usually well rounded, white grains of dolomitic clay, reworked from the 
Etadunna Formation, are a common component of all sandy lacustrine and sandy dry 
playa facies and more rarely occur in coarse fluvial channel sediments. They are especially 
common in the basal transgressive lacustrine sand unit of Madigan Gulf which directly 
overlies the Etadunna Formation. In thin section they are extremely dense and uniform 
micritic carbonate aggregates (Plate Al.IA) . 
Fine carbonate consisting of discrete 1-3 m euhedral grains dispersed through the non-
oriented clay matrix is of unknown origin but similar microcrystalline carbonates have been 
reported from many lacustrine settings (Strakhov, 1967; Reeves, 1968; Muller et al., 1972). 
Suggested origins for this material, from other lakes, include direct precipitation from 
solution (Neeve and Emery, 1967) or direct precipitation from colloidal suspension 
(Strakhov, 1967) or as finely comminuted elastic grains from allogenic or authigenic 
carbonate sources. The euhedral appearance could be due to cleavage faces in elastic 
grains or crystal faces in direct inorganic precipitates (whitings). The absence of this 
material in the oriented clay sediments associated with gypsum evaporites, where allogenic 
detrital sediments were clearly entering the basin, suggests that allogenic elastic carbonate 
is not the source of this material. Further work is required to fully determine the nature 
and origin of this relatively minor Lake Eyre carbonate component. 
Al.1.2.2 Primary inorganic carbonate 
Al.1.2 .. 2.1 Ooids 
Ooids are sand-sized carbonate grains which occur in a variety of marine and lacustrine 
settings where wave mixing and agitation occur. Ooids have been reported from a number 
of modern saline lacustrine environments including Great Salt Lake (Eardly, 1938; Kahle, 
1974), the Caspian and Aral Seas (Strakhov, 1967; Kukal, 1971) and in Australia in Lake 
Keilambete (Bowler, 1971). There has been considerable debate in the literature about their 
origin and the role of bio-induced precipitation (algal) versus inorganic precipitation. 
Bathurst (1975) has extensively reviewed this debate and concluded that the occurrence of 
ooids in dark caves and mines, in industrial water systems and even in kettles, with an 
180/160 ratio and Sr2+ content in equilibrium with the water body, support a 
predominantly inorganic origin. Ooid growth is favoured by elevated temperature, 
supersaturation of CaC03, a source of nuclei and agitation and results in concentric 
coatings of tangentially arranged cryptocrystalline aragonite around a nucleus. Despite its 
greater solubility, aragonite crystallises before calcite owing to inhibition of the latter by 
Mg2+ ions. Bathurst (1975) argued that abrasion due to agitation was too great for ooids 
to grow by adhesion of separately grown crystals and suggested that the structure was due 
to growth of crystal nuclei attached to the ooid and selective removal of all but tangentially 
arranged crystals by abrasion. Over time, aragonitic ooids recrystallise to calcite which 
grows as a fabric of radially arranged fibres . 
Ooids occur commonly in the shallow water and beach environments of the lacustrine 
facies at Lake Eyre and, more rarely, as reworked components in the sandy playa facies 
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(Plate Al.1 A) and playa marginal aeolian sediments. As they are rarely abundant and 
are commonly fragmented, they are assumed to have undergone considerable transport and 
reworking from their site of formation. They always contain quartz cores and are generally 
poorly structured with both radial, and less commonly, concentric structures occurring. 
The p.oorly defined structur_e and dominance of low magnesium calcite, rather than 
aragonite, confirms that recrystallisation has occurred. 
Al.1.2.3 Biogenic carbonate 
Biogenic carbonates are common in the shallow water and beach environments of the 
lacustrine facies, commonly fragmented. They occur less commonly in the deep water non-
oriented clays and in the ephemerally flooded playa facies and can be reworked in the dry 
playa facies and playa-marginal aeolian sediments. Biogenic carbonate components in 
lacustrine sediments include ostracod valves, mollusc shells and fragments, gyrogonites 
(calcareous outer covering of female reproductive structure, or oogonium, of charophyte 
algae), foraminiferal tests, fish remains and bird eggshell. Biogenic carbonates are rare in 
fluvial sediments with the exception of gravel-sized reworked mammal and reptile bone, 
fish remains and rare mollusc shell coquinas associated with channel deposits. 
Al.1.2.3.l Ostracods 
Ostracods are small crustacean arthropods with a body contained in a laterally-elongate, 
bivalved, calcite carapace which is hardly ever symmetrical with relation to the junction 
plane (Bignot, 1985) . They are of particular interest for palaeoenvironmental analyses 
because of their abundance, their ubiquity across a wide range of environments and their 
sensitivity to environmental conditions such as salinity, nature of substrate, temperature, 
permanence of water etc. Despite their small size and fragility, the valves are readily · 
fossilised and the existence of eight larval growth stages with shell moultings adds to the 
abundance of material available for preservation. In addition to palaeoenvironmental 
reconstruction based on known ecological tolerance, the isotopic and trace-elemeht 
composition of valves has recently been used to place absolute constraints on the 
temperature and salinity of the water body (Chivas et al., 1985, 1986a, 1986b; De Deckker 
et al., 1988). This advance has been made possible by a combination of the ability to 
measure of single valves and moultings and growth experiments in waters of controlled 
temperature, salinity, trace element and isotopic composition. This approach has not yet 
been employed at Lake Eyre but would be ideally suited to sequences such as Williams 
Point (Chapter 2) where a number of species of ostracods occur throughout a lacustrine 
sequence which is well dated and marked by a number of environmental changes. 
Ostracods are also potentially suitable for amino acid racemization (AAR) analyses which 
can provide both palaeoenvironmental and chronological information and initial work has 
been carried out at Williams Point. 
At Lake Eyre, ostracods occur very commonly in the shallow water and beach 
environments of the lacustrine facies, and are often fragmented . They also occur, 
occasionally abundantly, in the deep-water non-oriented clays and in the ephemerally-
flooded playa facies. Ostracods occur more rarely as reworked valves in the dry playa 
facies and playa-marginal aeolian sediments. In all environments ostracods occur as single 
valves indicating sedimentation was never rapid as valves separate readily upon death 
(De Deckker, pers comm), although good preservation state in many cases suggests 
minimal reworking has occurred. Occasionally shells are sufficiently abundant to form 
micro-coquinas. Table Al.1 lists the ostracods which have been identified from Williams 
Point (De Deckker, pers comm) and from the Tick North Site, at Lake Clayton (De 
Deckker and Warren, pers comm). 
Ostracod species Site 
Reticypris kurdimurka Tick North Site 
Williams Point 
Diacypris dietzi Tick North Site 
Williams Point 
Diacypris compacta Tick North or Williams Point site 
Diacypris dictyote Tick North or Williams Point site 
Diacypris spinosa Tick North or Williams Point site 
Diacypris whitei Tick North or Williams Point site 
Ilyocypris austral iensis Tick North or Williams Point site 
Mytilocyprididae sp. nov. Tick North or Williams Point site 
Mytilocypris splendida Tick North or Williams Point site 
Reticypris pinguis Tick North or Williams Point site 
Reticypris sp. nov. Tick North or Williams Point site 
Cyprideis austral iensis Tick North or Williams Point site 
Platycypris baueri Tick North Site 
Australocypris Williams Point 
Table Al.1 Ostracod species identified at late Quaternary sites at Lake Eyre. 
Williams Point identifications from De Deckker (pers comm); Tick North 
identif.ications from De Deckker and Warren (pers comm). 
Al.1.2.3.2 Foraminifera 
Foraminifera are unicellular rhizopod protozoans, with retractile pseudopodia and a 
mineralised calcareous skeleton or test, generally with interconnected chambers, which is 
commonly found fossilised as several species have a calcareous test. Foraminifera are 
abundant and ubiquitous in a wide variety of r:larine environments and they have been the 
most important organisms for marine micropalaeontological stratigraphic and 
palaeogeographic analyses (Bignot, 1985). Most foraminifera can only tolerate a small 
salinity range although some groups can live in a range of marginal marine environments 
with salinities both higher and lower than sea water. They are often regarded as 
exclusively marine (Bignot, 1985) but living populations of limited taxa have long been 
recognised from Australian lakes (Cann and De Deckker, 1981) and are thought to have 
been transferred from the marine estuarine environment by birds. It is not surprising that 
those foraminifera which occur in inland salt lakes have estuarine affinities; environments 
where water temperature and salinity frequently fluctuate widely. At Lake Eyre they have 
been reported from sediments which range from Oligo-Miocene (Etadunna Formation) age 
to late Quaternary, but in low abundances and with limited stratigraphic ranges which are 
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insufficient to provide useful palaeoenvironmental data. Table 4.1 lists the foraminifera 
which have been reported from the Cainozoic sequence of Lake Eyre. 
Al.1.2.3.3 Mollusc shells 
In the lacustrine environments of Lake Eyre, mollusc shells and shell fragments occur 
abundantly in beach and nearshore sediments and from there are commonly reworked, 
usually as fragments, to ephemerally flooded playa sediments and beach- and playa-
marginal aeolian sediments. Shells from the halobiont gastropod genera Coxiella and 
Coxiellada are by far the most common carbonate fossils in beach sediments at Lake Eyre 
and occur in association with much rarer disarticulated Corbiculina bivalve shells. 
Coxiella and Coxiellada are related lacustrine gastropod genera which are treated as a single 
group in this study because of difficulties in the determination of taxonomy from shell 
morphology (Williams and Mellor, 1991). Coxiella/Coxiellada are benthic browsing 
gastropods which can occur in great numbers when conditions are suitable (Williams and 
Mellor, 1991; De Deckker, pers comm). After death, the shell commonly floats due to the 
trapping of gas bubbles formed by soft tissue decomposition processes. Mass mortality 
due to the onset of conditions outside their tolerance can lead to large accumulations on 
downwind shorelines and subsequent incorporation into beach sediments, commonly as 
coquinas. If sediments containing Coxiella/Coxiellada are subjected to subsequent low-
energy beach erosion the shells can be refloated to a new position because of air trapped in 
the shell. Reworking of Coxiella/Coxiellada by this mechanism has been reported from Lake 
Harry by Callen (Nanson et al, in press) and from Lake Corangamite, Victoria, and the 
Coorong, South Australia, by De Deckker (pers comm). However, the Coxiella/Coxiellada of 
the Lake Eyre high-energy beach deposits are unlikely to be reworked from earlier deposits, 
because the small fragile shells would not survive whole in the high energy deposition zone 
of the coarse sand and gravel beach sediments especially in sufficient abundance to form 
coquinas. 
Mollusc remains are rare in fluvial environments, but occasional collections of whole 
disarticulated shells of a number of species can occur associated with channel deposits 
and can be sufficiently rich to form coquinas. These shell accumulations are usually 
dominated by a small bivalve (up to about 1 cm) believed to be Corbiculina sp. and a large 
unidentified flattish gastropod (up to 3 cm). Whole and fragmented unionids and small 
ornamented gastropods also occur more rarely. Wopfner and Twidale (1992) reported 
identification by N Ludbrook of Corbiculina desolata and the gastropods Notopala 
(Centropala) lirata and Plotiopsis centralia from a shell accumulation in fluvial sands 
exposed in the bank of the Warburton Creek. 
Al.1.2.3.4 Charophyte gyrogonites 
Charophyte algae are multicellular photosynthetic organisms which inhabit calm shallow 
water with some groups adapted to a variety of salinities and lacustrine environments. As 
the female reproductive structure (or oogonium) is formed in the living plant, the internal 
wall of the five anticlockwise spiral cells of the involucre are calcite impregnated, forming a 
gyrogonite (Bignot, 1985). Burne et al (1980) have reviewed the environmental constraints 
on saline lake charophytes and report that, although they can survive high salinities (up to 
60-70%~ and can regenerate after considerable periods of desiccation, they require a 
period of lower salinity conditions for germination and growth. 
At Lake Eyre, sand-sized calcite gyrogonites are common constituents of beach and 
nearshore lacustrine sediments and can be reworked into ephemerally flooded playa 
sediments and beach- and playa-marginal aeolian sediments. Due to their spherical 
morphology, they easily roll on shallow lake floors and can be wind blown along shorelines 
above water level and accumulate in shore deposits. Charophyte growth is restricted to 
relatively calm water but at Lake Eyre most gyrogonites are found in higher energy 
sediments which suggests that they are virtually always reworked some distance from their 
point of formation. The very rare occurrence of gyrogonites with extremely well preserved 
spiral ornamentation in Lake Eyre sediments supports this assessment. Many specimens 
reworked into aeolian sediments are broken and have most or all the spiral ornamentation 
completely removed by abrasion. Lamprothamnium papulosum is the only charophyte 
gyrogonite which has been recognised from the Lake Eyre sequence (De Deckker and 
Warren, pers comm) other species may be present. As they form by cell wall calcification, 
the calcite crystals almost certainly contain proteins indigenous to the cell and may be 
suitable for amino acid racemization analyses, if they can be successfully cleaned and 
suitable small sample analytic techniques developed. Initial experimental culturing of 
charophytes in waters of controlled temperature, salinity, trace element and isotopic 
composition has commenced at Wollongong University, to test the ability of gyrogonite 
trace element and isotopic chemistry to record environmental parameters (Chivas, pers 
comm). 
Al.1.2.3.5 Vertebrate bone 
Although bone is not strictly a carbonate, it is a biogenic substance which contains some 
carbonate and as fossil material is best considered along with biogenic carbonates. Living 
bone is a complex mixture of an organic component, chiefly collagen, and an inorganic 
mineral component, chiefly hydroxy apatite. Bone tends to be an open system both 
chemically and physically and major changes in the chemistry and mineralogy occur after 
death of the animal. For this reason, it has been difficult to use the chemistry of fossil bone 
to reconstruct palaeoenvironments or for chronological analyses. Radiocarbon, uranium-
series, amino acid racemization, electron spin resonance and thermoluminescence dating 
techniques have all been attempted with bone with only minimal success, which has 
sometimes resulted in very erroneous conclusions. 
At Lake Eyre, fish bones occur in many lacustrine depositional environments, but will be 
considered, along with other fish remains, in a later Section (Al.l.2.3.7). Occasional bird 
bones occur in beach sediments, probably representing dead aquatic birds washed up on 
shorelines. These bone fragments are small and widely scattered and no taxa have been 
identified from this material. Two wombat skulls have been located in transverse dune 
aeolian deposits, one in playa-marginal sediments and one in a river source bordering 
dune. These are probably a hairy-nosed wombat but the exact taxonomic affiliations have 
not been determined. By far, the most abundant source of bone in the basin is in fluvial 
channel sediments where mammal, reptile, bird and fish bones occur, usually fragmented, 
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Bone Sample Site F% U ppm N% C% H% 
Macropustitan Punkrakadarinna 1.48 64.2±1.8 <0.1 3.89 0.25 
Sthenurus sp Lookout Site 1.46 <0.1 1.56 0.25 
Diprotodon optatum New Kalamurinna 1.27 122.2±2.1 
Thylacinus cynocephalus Toolapinna west 1.56 
Sthenurus sp Toolapinna west 1.58 
Unidentified OKA2 2.07 82.1±2.1 <0 .1 1.64 0.35 
Unidentified OKA2 2.90 <0 .1 1.53 0.12 
Unidentified OKA2 2.65 <0 .1 1.62 0.24 
Unidentified OKA2 1.68 <0.1 1.65 0.36 
Human? OKA2 1.48 <0.1 
Human OKA2 1.37 145.9±6.2 
Human OKA19 1.00 517±17 
Bird OKA19 0.19 
Diprotodon (in situ) Sleeping Dog Cliff 0.61 <0.1 
Dingo Maroon Dog Cliff 0.069 2.39 
Kangaroo modern Unknown 0.08 
Rabbit Unknown <0.005 
Bettong (Holocene) Cooper Creek 0.17 <0.1 
Human (Holocene) Cooper Creek 0.19 <0.1 
Human (Holocene) Cooper Creek 0.17 0.11 
Human (Holocene) Cooper Creek 0.19 0.21 
Rabbit Williams Point 0.024 4 .01 15.31 2.83 
Wombat (in situ) Williams Point 0.48 <0.1 1.75 0.71 
Procoptodon (enamel) Hydra Northwest 0.55 <0.1 1.82 0.34 
Procoptodon Hydra Northwest 0.85 <0.1 1.63 0.29 
Fish Hydra Northwest 0.79 <0.1 1.33 0.24 
Unidentified (Large) Hydra Northwest 0.53 <0.1 1.82 0.36 
Procoptodon Hydra Northwest 0.62 <0.1 1.94 0.35 
Rabbit Hydra Northwest 0.059 3.66 12.48 2.14 
Bird (Modern) Hydra Northwest 0.050 2.25 8.13 1.61 
Diprotodon vertebrae New Kalamurinna 0.40 <0.1 1.59 0.34 
Diprotodon? epiphesis New Kalamurinna 0.50 <0.1 0.75 0.72 
Genyornis Lookout 0.34 <0.1 1.45 0.39 
Diprotodon Lookout 0.39 <0.1 1.08 0.42 
Diprotodon scapula Lookout 0.58 <0.1 0.90 0.63 
Diprotodon scapula Lookout 0.47 <0.1 0.83 0.93 
Unidentified Lookout North 0.70 <0.1 2.0 0.40 
Unidentified (in situ) Punkrakadarinna 0.20 <0.1 1.49 0.52 
Unidentified (Large, in situ) Punkrakadarinna 0.39 <0.1 1.51 0.54 
Kangaroo mandible OKA 2 South 0.27 <0.1 1.53 0.38 
Cow (Modern) Toolapinna North 0.063 4.21 13.24 2.05 
Cow mandible (Modern) Warburton River 0.053 3.76 11.72 1.93 
Cow mandible (Modern) Warburton River 0.040 3.26 10.42 1.75 
Diprotodon Unknown 0.36 <0.1 1.47 0.35 
Table Al.2. Chemical analyses from bone from various sites, Lake Eyre region. 
Fluorine (F); Nitrogen (N); Carbon, bulk (C); Hydrogen (H) analyses by Caldwell 
(pers comm). Uranium (U) analyses by Short (pers comm). These results were part 
of an extensive study of bone chemistry by Webb, Magee and Caldwell (pers comm) 
to compare the chemistry of Katapiri Formation bone with modem bone and some 
human bone samples. 
but occasionally whole and, even more rarely, still articulated . These sediments have been 
a major source of fossil material for palaeontological research for more than 100 years 
since H .Y.L. Brown first found vertebrate fossils near the Warburton Creek in 1892 
(Brown, 1892), followed soon after by the famous Gregory expedition ( Gregory, 1906). 
Multiple episodes of bone reworking are demonstrated by the plethora of gravel-sized bone 
fragments which occur on the sand and gravel bars of the modern stream channels 
immediately downstream of sections where lateral erosion of bone-bearing older fluvial 
deposits occurs. 
By contrast with modern surface bone (chiefly rabbit and cow) all bones found in situ m 
fluvial sediments, or eroded from these deposits show significant mineralisation, although 
preservation of morphology is generally excellent. They are stained dark yellow-brown or 
red-brown, appear to be denser than fresh bone, often posses a lustrous sheen and 
produce a sharp metallic ring when tapped. Chemical analyses of a number of bones 
indicates considerable post-depositional uptake of fluorine and uranium and the very low 
nitrogen values suggest almost complete leaching of organic components has occurred 
(Table Al.2) . X-ray diffraction analysis of a Sthenurine calcanium from the Katipiri 
Formation at the Lookout locality indicated that the bone apatite was more crystalline and 
richer in fluorine and carbonate compared to modern bone. Despite preparation which 
attempted to remove all detrital material from the fraction analysed, a significant quantity 
of crystalline silica (quartz) showed up in the XRD trace. In an attempt to define the 
nature of this material a fraction was dissolved in HCl and the residue examined. A 
number of fine detrital grains were apparent under the binocular microscope but the 
nature of an extremely fine-grained milky residue was not apparent. Immediate solution of 
this material in HF indicated its siliceous nature but its origin is unknown. No amorphous 
silica was apparent in the XRD analysis. 
Al.1.2.3.6 Bird eggshell 
Like vertebrate bone, bird eggshell is a complex mixture of organic and inorganic mineral 
components. The mineral component is low magnesium calcite, the stable form of calcium 
carbonate at normal temperature and pressures. The organic component consists of 
proteins which are contained within the calcite crystals, rather than between the crystals as 
occurs in mollusc shell carbonates (Miller, pers comm). This combination of stable 
mineralogy of crystals, which completely enclose the proteins, results in both inorganic and 
organic fractions acting as closed chemical systems during the post-depositional history of 
the eggshell. This occurs despite the high surface area to volume ratio, owing to the 
thinness of eggshell and the existence of multiple pores which penetrate the shell to enable 
oxygen to diffuse to the developing chick. The closed system behaviour has allowed the 
use of the chemistry of fossil eggshell to reconstruct palaeoenvironments and for multiple 
chronological techniques. Johnson et al (in prep) have used carbon isotopes in emu and 
Genyornis eggshell to reconstruct past vegetation patterns and nitrogen isotopes to 
reconstruct past precipitation patterns. The calcite fraction of eggshell has been found to 
have minimal contamination with non-original carbon and be very suitable for radiocarbon 
dating (Williams, 1980; Miller et al, 1997; Appendix 2) and recent results suggest it may 
also be very suitable for uranium-series dating (McCulloch and Ayliffe, pers comm; see 
Appendix 2) . The protein fraction of eggshell has been found to be the highest quality 
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material for amino acid racemization analyses (Brooks et al, 1990; Miller et al, 1997; see 
Appendix 2). 
At Lake Eyre, bird eggshell occurs in aeolian and beach environments. Eggshell fragments 
from both the ratite emu and the now extinct giant mihirung bird Genyornis are the most 
abundant terrestrial biominerals in lake- and playa-marginal transverse dunes and in 
longitudinal desert dunes. These yellowish or yellow orange eggshell fragments are 
typically exposed on deflation surfaces excavated into dune sediments and are mostly 
discrete, occasionally grouped and rarely retain a fragmented egg shape (Plate Al.3 B) . 
Evidence of egg predation, in the form of small incisor holes, occurs occasionally, especially 
where concentrations of eggshell occur. When they first appear at the surface the 
fragments are usually fresh with sharp broken edges and corners, but these are quickly 
rounded by sand abrasion. Fragments are usually in the 1-2 cm2 size range but can be up 
to 6-8 cm2. 
The most common eggshell in beach deposits is from a large non-ratite egg, as yet 
unidentified, which is presumed to be from a large aquatic bird (probably pelican, which 
nests at the lake in large numbers during modern ephemeral floods). In some sites thicker, 
and thinner non-ratite eggshells can be differentiated, suggesting the presence of an 
additional bird species and for simplicity they are grouped together in this thesis and 
referred to as aquatic bird eggshell. These aquatic bird eggshell fragments occur in virtually 
all beach sediments where depositional environments are favourable for their preservation 
but they are especially abundant where the beach was part of an island shoreline. This 
reflects the preference for island locations of most aquatic bird rookeries as exemplified by 
the pelican, tern and gull rookeries during modern ephemeral floodings. Eggshell fragments 
of Genyornis also occur in beach sediments, but much more rarely. Very little is known 
about the ecology of this extinct species, but the occurrence of its eggshell in beach 
sediments, by comparison with the complete absence of emu, suggests the distinct 
possibility of an unknown linkage to the lacustrine environment. Eggshell can be reworked 
in beach sediments, as clearly evidenced by the existence of aquatic bird eggshell, which 
AAR analyses suggest are stage 5 in age, in late Holocene beach sands at Hambidge Point, 
Hunt Peninsula. However, these eggshell fragments were extremely small <<0.5 cm2 and 
very abraded with well rounded edges and no narrow or irregular projections. Where 
eggshell fragments are relatively large (1-2 cm2) and have irregular shapes, sharp edges and 
angles they have almost certainly been subjected to minimal abrasion and reworking. 
Al.1.2.3.7 Fish remains 
In the present lake environment, ephemeral floods are notable for high nutrient levels which 
result in extremely large blooms of invertebrates which in turn support large populations of 
Plate Al.3. Biogenic carbonate components. 
A. Portion of a sediment block from the cliff section at the Tick North Site (Section 3.1.1) 
showing abundant remains of small fish in a single sedimentary horizon. This layer 
represents a mass fish kill event. 
B. A fragmenting whole emu egg which deflation erosion has exposed at the surface of a 
Holocene dune unit near the southern margin of Madigan Gulf. 
Plate Al.3. Biogenic carbonates. 

fish which grow rapidly. A dense bottom layer of halite saturated water insulates the 
main water body from the salt crust preventing the crust from being totally dissolved 
(Dulhunty, 1989). This results in the salinity of the main water body rising slowly as 
evaporation lowers lake level and fish are able to adapt to this slow rise to moderate levels 
of salinity. When water depth is reduced to a level that allows wave action to disturb and 
mix the dense bottom layer, the whole salt crust rapidly enters solution resulting in a 
catastrophic rise in salinity and mass mortality of the fish population Massive fish-kill 
events of this type were recorded at the terminal stages of the ephemeral filling of 1950 
and 1974-1976 (Peake-Jones, 1955; Ruello, 1976; Dulhunty and Merrick, 1976a, 1976b). 
The Quaternary history of Lake Eyre has no doubt been dominated by flood hydrology, 
even during its perennial stages, with consequent nutrient, invertebrate and fish population 
fluctuations, likely to include mass mortality events. The sedimentary record (see 
Chapters 2 and 3) provides ample evidence of prolonged periods when salinity 
stratification of the water column undoubtedly existed . Interruptions of salinity 
stratification, even for relatively short periods, would result in major changes to the 
salinity of the mixolimnion waters, undoubtedly with catastrophic consequences for fish 
resident in that layer. Thus, when combined with normal fish mortality, there must have 
been an rich source of fish remains for potential fossilisation through much of the lake's 
history and it is hardly surprising that many fluvial and lacustrine deposits contain 
abundant fish remains. Fish bones (especially vertebrae), head plates and spines are 
especially common in beach and nearshore sediments and in fluvial channel deposits. 
Dense, thin, horizontally-continuous accumulations of multiple fish remains occur 
occasionally, including whole fish skeletons, which represent past fish kill events (eg Tick 
North Site, Chapter 3; Plate Al.3 A). Whole small fish skeletons also occur preserved on 
bedding planes of finely laminated deep water clays deposited under reducing conditions 
due to salinity stratification of the water body. These probably represent fish death in the 
mixolimnion and settling of the remains to the bottom where they are preserved because 
the reducing conditions preclude the presence of scavenging organisms. 
Otoliths are calcite concretions which occur in the auditory systems of fish and grow by the 
addition of annual layers. They have species specific shapes and can thus be used to 
determine the species, size and age of an individual fish, and have been much studied by 
fish biologists and others to reconstruct ancient fish population dynamics and history. 
Additionally, otoliths are mineralogically stable and dense in structure and behave as 
closed systems chemically, and their trace element and isotopic composition is dependent 
on the water chemistry and temperature (Kalish et al, 1997). These closed system 
characteristics strongly suggest that they are also very suitable for radiocarbon dating 
(Gillespie, pers comm) and U-series dating (Short, pers comm) and recent work on an 
otolith suite from the Willandra Lakes, western NSW, has demonstrated great potential for 
AAR analyses (Miller, pers comm). Otoliths are abundant in other Australian Quaternary 
lacustrine sequences, including the Willandra Lakes where they are the most common fish 
remains found, but are extremely rare in the Lake Eyre sequence. Extremely small numbers 
have been located in some beach deposits but extensive searches of the bone-rich gravel 
bars of the modern river channels, which contain abundant fish vertebrae, plates and 
spines, indicate an inexplicable lack of otoliths. 
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Al.1.2.4 Bio-induced carbonate 
Bio-induced carbonates are precipitated by alteration of water chemistry during 
photosynthesis by aquatic macrophytes and algae. Carbonate precipitation from lake 
waters close to saturation, is favoured by a reduction in the partial pressure of dissolved 
C02, an increase in water temperature and an increase in pH. In shallow lake waters, 
temperatures tend to rise during the day when C02 is absorbed by photosynthetic plants 
and algae. These factors combine to produce supersaturation and consequent 
precipitation of calcium carbonate which can form within the tissue or as an encrustation 
on the plant or algae and later become separate components when the plant dies . 
Carbonate precipitated by colonial and filamentous algae, which form mats or coatings on 
the substrate, generally forms as an encrustation on the sediment or rocks, often 
incorporating trapped sediment grains. 
Al.1.2.4.1 Algal tubes 
Algal tubes is a term used to describe tubular coatings which form on the stems of 
macrophytes or large macrophyte algae such as charophytes. These have been described 
from the Willandra Lakes, where they are relatively abundant, by Bowler (1980) but they 
occur only rarely in nearshore and beach sediments of the Lake Eyre lacustrine sequence. 
Al.1.2.4.2 Algal coatings and microbial mats 
Stromatolites, algal mats and oncoids are some of the many sediment forms constructed by 
both sediment trapping and direct carbonate precipitation by various forms of colonial, 
filamentous and mucilagenous eukaryotic and prokaryotic algae which form mats and 
coatings on various lacustrine substrates. Although they occur frequently in many other 
saline lakes described in the literature they are less common in the Lake Eyre sequence and 
will not be fully reviewed here. Dodson (1974) examined the accumulation as an 
encrustation on rocks of carbonate precipitated by the green alga Enteromorpha nana in 
hypersaline Lake Gnotuk, western Victoria. He found that the closed tubular thallus 
absorbs HC03- from the outside water and secretes C02- inside the tube which greatly 
increases the ionic product of [Ca2+] [C032-] leading to the precipitation of aragonite and 
its accumulation at the base of the tube. As the algae die off each autumn, thick deposits 
of carbonate containing pieces of thallus accumulate. Bauld (1981) in a major review of 
algal mat deposits suggested that mats constructed by prokaryotic cyanobacteria (blue-
green algae) be called cyanobacterial mats, those constructed primarily by eukaryotic algae 
(mostly diatoms) be called algal mats and the more general term microbial mat be used for 
mixed or undefined assemblages of both prokaryotic and eukaryotic micro organisms. 
Following this terminology, the mats at Lake Eyre are best described as microbial mats as 
the nature of the micro organisms involved in their formation has not been determined. 
Algal coatings or encrustations occur at many sites where a rocky substrate occurs, 
particularly along the western shoreline of Madigan Gulf where cliffs are cut into the 
silicified Etadunna Formation dolomitic clay. These encrustations are typically grey or 
yellowish grey in colour, up to 1-2 cm in thickness and have a very irregular, cauliflower-
like outer surface but have not been examined in detail. At Lake Eyre microbial mats, 
commonly enclosing quartz grains and ostracod shells, occur in the ephemerally-flooded 
playa facies sediments. No well preserved microbial mats were examined in thin section 
and typical structures such as fenestrae were not observed. Many of the mats were 
disrupted and the fragments reworked as rounded grains which occur in thin section as 
dense micritic aggregates, _diffieult to differentiate from reworked Etadunna Formation 
dolomite grains unless quartz sand or ostracod fragments were present. Where such grains 
were common and no dolomite detected by XRD analyses, they were interpreted as 
reworked microbial mat carbonate grains. 
Al.1.2.5 Carbonate mineralogy 
Carbonate mineralogy was determined, in those sequences chosen for detailed chemical 
and mineralogical analyses, whenever bulk carbonate abundance was more than 2-3 %. In 
lacustrine sediments, aragonite was below detection limit or absent throughout, with the 
exception of the beach unit at -3.2 m AHD at Williams Point which contained large 
numbers of the gastropod Coxiellada gilesii. Carbonate mineralogy, in the rest of sequence, 
consists of low-magnesium calcite and dolomite. Dolomite is abundant only in basal sand 
units, close to the disconformity with the Etadunna Formation or other sediments which 
contain abundant reworked Etadunna Formation, such as Core LE 82/5 from Sydney 
Harbour (Section 3.2.2.1), and is almost certainly all reworked from that source. An 
exception to this is a def!se hard micritic dolomite layer at -9.87 m AHD at the top of the 
deep water laminated saline lacustrine sequence at Williams Point, which appears to be a 
dolomitised microbial mat. Magee (1991) has detailed the process whereby microbial mats 
form in shallow water or on exposed mud flats, early in the drying phase of a lake, and are 
later dolomitised as they lie in a zone of rising saline groundwaters which have a high 
Mg2+ /Ca2+ ratio due to crystallisation of gypsum. 
Al.1.3 Evaporites 
In common with most Australian playas the only significant evaporite minerals present at 
Lake Eyre are gypsum and halite. 
Al.1.3.l Gypsum 
Gypsum (CaS04.2H20) is the only calcium sulphate mineral which occurs at Lake Eyre 
and it exists in a wide variety of forms which can be diagnostic of different environments. 
It occurs as a primary precipitate in standing water or grows as a secondary mineral, 
displacively or incorporatively within a sediment matrix. Both of these forms of gypsum 
can be reworked, by water or wind, and gypsum can be dissolved and redeposited by 
pedogenic processes. The observationq.l and experimental evidence for the environmental 
determinants of gypsum crystal morphology and the characteristics of lacustrine and playa 
gypsum sediments have been reviewed by Magee (1991) in describing the sequence from the 
Prungle Lakes and by Bowler and Teller (1986) from the Lake Tyrrell sequence. The 
following discussion is summarised from those sources. 
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Al.1.3.1.2 Calcium sulphate mineralogy 
In most modern natural evaporation environments gypsum is the primary calcium sulphate 
mineral phase but this is not controlled by a simple relationship of solubility, temperature 
and supersaturation. In pure water,_ anhydrite (CaS04) is more soluble than gypsum up to 
42° C where the solubilities intersect and gypsum becomes more soluble. The presence of 
NaCl increases the solubility of both phases and lowers the temperature where the 
solubilities cross to 25° .. C at 22%.oNaCl (Madgin and Swales, 1956; Hardie, 1967; 
Kinsman, 1974). Thus anhydrite should be expected to occur as a primary precipitate but 
in modern evaporitic systems it is restricted to few environments, most notably the coastal 
sabkhas of the Persian Gulf (Shearman, 1966; Kinsman, 1966; Kendall, 1978) where there 
is considerable debate about whether the anhydrite has a gypsum precursor (Butler, 1969; 
Kinsman, 1974; West et al, 1985). Cody (1976) found that experimental growth of calcium 
sulphates from supersaturated solutions did not precipitate anhydrite even at 80" C and 
200,;,salinity. Anhydrite precipitation is inhibited by the kinetic threshold of the high 
activation energy required for the dehydration of calcium ions before the anhydrous 
nucleus can form (Kinsman, 1974; Cody, 1976). 
Thus, under normal circumstances, supersaturation of anhydrite occurs as salinity 
increases but the kinetic barrier prevents nucleation and growth of anhydrite crystals. 
Further supersaturation exceeds the solubility of gypsum which readily nucleates and 
grows, preventing normal environmental evaporitic concentration from achieving very high 
levels of anhydrite supersaturation. Anhydrite supersaturation can become sufficiently 
high for anhydrite nucleation and growth to occur only under unusual circumstances, where 
the presence of other substances either promotes anhydrite precipitation, by overcoming 
the kinetic nucleation barrier, or selectively inhibits the precipitation of gypsum and 
bassanite (CaS04.1/2H20). Cody and Hull (1980) found that a number of high molecular 
weight organic additives selectively inhibited gypsum and bassanite precipitation and 
anhydrite precipitation occurred experimentally at temperature and salinity levels likely to 
be found in natural evaporitic environments. Although analogous compounds exist 
naturally, the organic compounds found by Cody and Hull (1980) to inhibit gypsum 
precipitation do not occur in nature, thus explaining the extreme rarity or absence of 
primary anhydrite. 
At Lake Eyre, gypsum is the only calcium sulphate mineral which is known to occur as a 
primary precipitate, which accords with the theoretical and empirical observations 
summarised above. Some large discoidal gypsum crystals(> 5 cm) exposed at the surface, 
have minor secondary alteration to bassanite in the form of powdery white micro-
crystallites which occur on the crystal surface and penetrate cleavage planes. This 
alteration occurs as a result of prolonged exposure to the sun in an extremely low humidity 
environment where air temperatures can exceed 50() C. Anhydrite has not been recorded as 
either a primary or secondary mineral in the Quaternary evaporite sequences of Lake Eyre. 
Al.1.3.1.3 Gypsum crystal morphology 
The three most commonly occurring habit faces of gypsum are the (111) pyramid face, 
which is populated by calcium ions, and the (110) and (010) prism and pinacoid faces 
respectively, which are populated by both calcium and sulphate ions (Barcelona and 
Atwood, 1978). Additives in solution, including organic matter and other ions, are 
selectively attracted to different faces, because of these different ionic arrangements, and 
this can inhibit growth of one face relative to another. Thus gypsum can crystallise in a 
number of different crystal habits which are controlled by the environment of 
crystallisation, particularly the presence and nature of additives in solution. 
Gypsum crystals growing from supersaturation in a brine body grow as prismatic crystals 
due to the preferential adsorption of H+ and OH- ions on the (110) and (010) faces, which 
inhibits growth on those faces and promotes elongation parallel to the c-axis (Edinger, 
1973). With the onset of supersaturation, many prismatic crystals nucleate and grow at 
the brine-air interface or within the brine. These settle to the lake bottom and lie with their 
long axes parallel to the bedding. Such deposits of pure prismatic gypsum are termed 
settled (Magee, 1991). In shallow water, these crystals can be reworked after settling and 
form extremely well sorted and ripple-cross-laminated deposits, termed elastic gypsum 
(Magee, 1991). In deeper-water conditions, if supersaturation persists, nucleation of new 
crystals is reduced and existing crystals grow to a larger size and the layer becomes 
reversely graded. In cases where growth conditions are even more prolonged, growth of 
crystals attached to the substrate continues, producing large bladed prismatic forms, with 
long axes vertical, termed sedentary (Bowler and Teller, 1986). If growth continues, 
crystals will coalesce horizontally, resulting in a dense layer of prismatic crystals, 
commonly twinned, which grow upward into the brine. These gypsum deposits, termed in 
situ (Magee, 1991), are equivalent to the selenite gypsum deposits of the Messinian 
Solfifera Series (Hardie and Eugster, 1971) and Marion Lake, South Australia (Warren, 
1982) . .. 
Gypsu~ crystals which grow within a host sediment, due to supersaturation at the 
capillary fringe of the water table, are almost universally pyramidal forms, due to the 
adsorption of additives, mainly organic matter, on the (111) pyramidal faces, which 
inhibits growth on those faces and promotes crystals shortened in the c-axis direction. 
Growth of these crystals is usually slow and prolonged and crystal faces are curved, due 
to disruption of the (111) faces by (i02) and (lo3) faces, resulting in discoidal or lens-
shaped crystals (Cody, 1976; Masson, 1955). Where growth is very rapid (Cody, 1979) or 
occurs in very low pH conditions (Cody, 1979; Teller et al, 1982), the effects of organic 
additives can be counteracted and stubby prismatic crystals can grow within a host 
sediment, but these often corrode and are replaced by discoidal crystals (Cody, 1976; 
Masson, 1955). In fine-grained host sediments, slow growth rate produces fewer and 
larger crystals and growth is always displacive. In sand-sized host sediments, growth is 
usually incorporative, irrespective of growth rate, producing discoidal sand impregnated 
crystals. Higher organic content promotes penetration twinning and rosette development 
and rosettes are better formed and larger at higher temperatures (Cody and Cody, 1988). 
Low pH can also promote twinning (Edinger, 1973). 
Prismatic sub-aqueous gypsum 
Settled and elastic gypsum are the predominant prismatic sub-aqueous forms in the Lake 
Eyre evaporite sequence and sedentary gypsum resulting from prolonged growth conditions 
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occurs rarely. Large in situ or selenite prismatic sub-aqueous gypsum, resulting from very 
prolonged constant growth conditions, does not occur at Lake Eyre. 
Settled and elastic gypsum consist of a mush of fine-sand-sized or silt-sized crystals in 
thin (generally < 1 mm) laminae usually interbedded with thin laminae of oriented clay. 
Settled gypsum occurs in the deep-water saline lacustrine facies and elastic gypsum in the 
shallow water saline lacustrine facies and occasionally in the ephemerally flooded playa 
facies. Settled gypsum layers are occasionally reversely graded due to slightly prolonged 
slow growth of crystals at the end of the gypsum precipitation event, but otherwise lack 
sedimentary structures. Clastic gypsum layers have ripple cross-lamination, normal 
grading (Plate Al.4) and can contain significant numbers of fine-sand-sized discoidal 
crystals reworked from a growth position within the sediment substrate. These discoidal 
crystals are particularly common components in the sub-aqueous gypsum sediments of the 
ephemerally flooded playa facies. Celestite (SrS04) is an important primary accessory 
precipitate reported from the prismatic sub-aqueous gypsum sediments of the Prungle 
Lakes, south western New South Wales (Magee, 1991) but it is not known from the Lake 
Eyre sequence. 
Rarely in the main lake basin (e.g. at Williams Point, Unit E, Section 2.1.1) and in a within-
valley lake in the Warburton Creek valley (eg at Punkrakadarinna, Section 4.2.3.2) 
sedentary gypsum layers are present, which indicate that prolonged evaporative 
conditions existed. The paucity of such sediments indicates that conditions have rarely 
remained constant at Lake Eyre and even when perennial the lake must have been subject 
to a significant and regular flood regime which resulted in salinity oscillations. The 
Punkrakadarinna within-valley lake was probably dominantly groundwater fed at the time 
of deposition of the sedentary gypsum. 
Pyramidal displacive groundwater gypsum 
In lacustrine environments displacive pyramidal discoidal gypsum can occur in any 
sediment when it is the site of evaporation at the capillary fringe of the water table. This 
happens most commonly when the lake is in a groundwater-dominated playa phase and 
thus discoidal gypsum is abundant in the dry playa facies. Bowler (1986) has 
demonstrated the process whereby a large subsurface brine pool evolves below the central 
Plate Al.4. Clastic Gypsum laminae. Lower case labels indicate lithological characters 
and features . oc = oriented clay lamination; gcg = graded elastic gypsum layer. 
A. Thin section of laminated shallow-water evaporites at -14.87 m AHD in Core LE 82/3. 
Bedding is in a 45° orientation to show maximum illumination of aligned clay particles in 
the oriented clay laminae, under crossed polarisers. Gypsum layers consist of prismatic 
crystals which have crystallised sub-aqueously and been elastically reworked in shallow 
water. Well developed grading indicates elastic deposition in a single event. Thin laminae 
of oriented clay represent deposition of fine-grained terrigenous elastics brought into the 
basin by flooding which has briefly interrupted gypsum precipitation. 
B. Thin section of laminated lacustrine sediment at -14.93 m AHD in Core LE 82/3. 
Gypsum layers consist of prismatic crystals which have crystallised sub-aqueously and 
been elastically reworked in shallow water. Well developed grading, within each layer, 
indicates elastic deposition in a single event. 
I 0.5 mm I 
Plate Al.4. Clastic gypsum. 

playa halite zone and focuses upward groundwater flow towards the playa margins, 
where most groundwater evaporation occurs in a zone of salinity gradation from salinities 
above gypsum saturation in the playa centre to salinities less than 25%ooutside the playa 
margin. This results in a peripheral-playa zone where groundwater, at gypsum saturation 
{100-180bo), is evaporating within the sediment at the capillary fringe and precipitating 
pyramidal gypsum. As groundwater discharge is concentrated near the basin margins it 
acts as base level control and the playa can enlarge by shoreline retreat (Jutson, 1934; 
Bowler, 1986). When this happens the active zone of groundwater gypsum precipitation 
migrates with the shoreline forming a diachronous deposit of pyramidal gypsum crystals 
within pre-existing sediments. 
In Lake Eyre lacustrine sequences, pyramidal discoidal crystals up to 3 cm occur, but they 
are most common in the 1 mm to 1 cm size range. Discoidal crystals are commonly found 
reworked by water in shallow saline lacustrine facies sediments and in the ephemerally 
flooded playa facies. Reworked discoidal crystals commonly have abrasion damage in the 
form of breakage along cleavage planes. 
Aeolian gypsum 
Sand-sized gypsum which has crystallised in lacustrine environments is commonly found 
reworked by wind into playa marginal-dunes. Gypsum in these dunes consists 
predominantly of pyramidal crystals owing to the abundance of sand-sized crystals of this 
form which crystallise from groundwater at shallow depth within the sediment in a zone 
close to the playa shoreline, as detailed above. If the climate becomes more arid, 
evaporation lowers the water table and increases groundwater salinity, resulting in 
disruption of the pre-existing groundwater pyramidal gypsum zone and its host sediment 
by the efflorescent precipitation of more soluble salts (Bowler, 1983). The sand-sized 
pyramidal gypsum is then available for aeolian transport, accompanied by pelletal 
aggregates of the host sediment, to playa-marginal dunes. The disrupted host sediment 
might include deposits from pre-existing perennial lacustrine phases and contain abundant 
prismatic sub-aqueous gypsum, but these crystals are rarely in the appropriate size range 
to be included in the playa marginal deposits. Occasional sand-sized prismatic crystals 
which are present in the playa-marginal dunes probably come from this source. Gypsum 
crystals in playa-marginal dunes are commonly affected by pedogenic processes which 
include corrosion by under saturated water, presumably of meteoric origin and overgrowth 
on grains. 
Pedogenic gypsum 
Included for discussion under this heading are pedogenic modifications of primary 
gypsum-rich sediment, particularly playa-marginal aeolian deposits, and secondary 
gypsum which occurs in fluvial sediments at Lake Eyre and is believed to be primarily 
formed by pedogenic processes. Pedogenic secondary gypsum occurs as discoidal 
pyramidal crystals, similar to groundwater gypsum with the crystal shape also due to the 
presence of additives, particularly organic matter. In contrast with groundwater gypsum, 
which usually forms as discrete single crystals, pedogenic gypsum often forms as 
intergrown crystals and rosettes (Magee, 1991). The reason for this difference is not clear, 
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but it could relate to a more variable temperature regime in the pedogenic environment as 
Cody and Cody (1988) found that higher temperatures promoted rosette formation. 
Pedogenic modification of gypsum- and clay-pellet rich sediments at the Prungle Lakes 
was de~icribed in detail by Magee (1991) who found that the processes of leaching 
translocation and precipitation progressively modify the sedimentary fabric higher in the 
profile. Primary detrital gypsum grains are both corroded and have overgrowths of 
secondary gypsum, with corrosion dominant lower in the profile and overgrowth dominant 
higher in the profile. Some or all of the corrosion might occur during the depositional phase 
of the aeolian unit. Overgrowths are pyramidal in form and are in crystallographic 
continuity with the detrital core. As bedding is destroyed, the dominant sub-horizontal 
orientation of the long axis of detrital grains is replaced by random orientation or even sub-
vertical orientation, perhaps due to lateral pressure produced by patches of 
microcrystalline secondary gypsum (Magee, 1991). In addition to detrital grain 
overgrowths (Magee, 1991) reported secondary gypsum as dense intergrown aggregates of 
very small (0.01 mm) crystals and as larger (0.05-0.l mm) discrete crystals both of which 
increase in abundance up the profile until they form a massive interconnecting and 
intergrown gypcrete fabric at the surface. 
The playa-marginal gypsum-rich dunes at Lake Eyre show evidence of all the features of 
pedogenic modification outlined above but, except for the Williams Point Site, have not 
been examined in detail by thin sections, which is required to elucidate these 
characteristics. In contrast with the Prungle Lakes examples, the pedogenic profiles at 
Lake Eyre show considerable evidence of the presence of substantial vegetation, including 
large trees, in the form of abundant gypsum rhizomorphs which decrease in abundance and 
size down the profile and, at some sites, whole gypsified tree boles, with associated lateral 
roots. The tree boles and roots suggest the presence of trees considerably larger than grow 
anywhere but in the river valleys in the region today (Plate Al.5 B). This is taken to 
indicate that the pedogenic gypsum profile developed under wetter conditions than exist 
today which is consistent with the minimal gypsum mobilisation evident in the modern 
soils. The upper gypcrete horizon commonly forms a polygonal pattern, with polygons 
usually 1-2m across separated by micro ridges 10 cm wide and up to 5 cm high. As with 
the Prungle sequence, the gypcrete is calcareous and, although not examined in detail by 
Plate Al.5. Clay pellets and gypcreted tree. Lower case labels indicate lithological 
characters and features. rep= ripples of clay pellets; pss = pelletised sediment and salt; 
ecr = efflorescent crust; gr = gypsified root; gtb = gypsified tree bole. 
A. Close view of the playa surface in the northern portion of Lake Eyre North (about 5 km 
north east of Eric Island) taken in 1982 when minor deflation of sediment was occurring 
due to water table depression during the intense drought of that year. The surface has a 
hard crust (approximately 1 cm thick) formed when efflorescent salts have absorbed 
moisture. Underneath the crust is about 10 cm of loose fluffy pelletised mud and salt. 
Wherever the efflorescent crust is breeched wind deflate removes the loose underlying 
sediment as dust, which is blown out of the basin, and as sand-sized grains, which migrate 
downwind across the surface in ripples. 
B. Large tree bole in growth position, replaced by pedogenic secondary gypsum, from 
Williams Point aeolian unit playa-marginal dune, east of Madigan Gulf. 
Plate A15. Clay pellets and gypcreted tree. 

thin section, is assumed to be due to microcrystalline low-magnesium calcite adhering to or 
replacing gypsum along cleavage planes as reported from Prungle by Magee (1991) and 
from Lake Amadeus by Chen et at (1991). 
Primary gypsum is absent from fluvial sediments at Lake Eyre, with the minor exception of 
occasional gypsum clasts in basal channel gravels and rare primary subaqueous 
precipitates in within-valley lake deposits. However, the fluvial deposits, including both 
sand-dominated channel sediments and mud-dominated overbank sediments, usually 
contain an abundance of secondary gypsum. The gypsum always occurs as pyramidal 
discoidal crystals, but varies considerably in nature and distribution depending on the 
type of host sediment. In muddy sediments, crystals are always displacive and usually 
small (rarely larger than 2-3 cm), but often form large intergrown platy masses which are 
associated with bedding or post-depositional structures such as cracks. Crystals are often 
associated with the upper margin or concentrated in the upper portion of mud layers and 
in more massive mud layers at the top of a sediment sequence, gypsum decreases down 
the layer. In mud-dominated sequences, gypsum rarely occurs below the upper few metres 
except in very old sediments (eg Kutjitara and Tirari Formations). In sandy sediments, 
gypsum crystals are incorporative and commonly large (up to 5-10 cm) and can be discrete 
single crystals but more commonly form intergrown masses of a small number of crystals. 
In thick sand-dominated sequences, gypsum decreases in abundance and crystal size down 
the profile but can occur down to between 5 and 10 m in depth. 
The tendency for crystals to form intergrown masses rather than single crystals, suggests 
they are pedogenically-, rather than groundwater-, derived as does the downwards 
decrease in size and abundance from the surface. The geomorphic and hydrological 
response of the river systems to a change to arid conditions is very different to the playa 
response and is unlikely to favour widespread groundwater precipitation of gypsum. 
Deeply incised channels, in response to lowered base level, would be the focus of 
groundwater seepage and minor channel-marginal secondary gypsum might form due to 
evaporation of that groundwater, but would be located low in the profile of the now-
incised sediments from pre-existing aggradational phases. As detailed further in Section 
Al.3, which describes a depositional model for the Lake Eyre sequence, the secondary 
gypsum in fluvial deposits is believed to be derived from playa deflation processes at the 
depocentre of the basin and transported as aeolian dust downwind across the basin. 
Once deposited on the surface of fluvial sequences, it is translocated pedogenically down 
the profile and can penetrate much further into the more permeable sand sediments. 
Vein gypsum 
Occurring rarely and only in older deposits (eg Kutjitara, Tirari and Etadunna Formations) 
is a characteristic type of secondary gypsum which consists of a dense mass of prismatic 
crystals perpendicular to the walls of a layer of uniform thickness and wide lateral extent. 
Layers up to 5 cm in thickness and traceable over hundreds of metres occur in the Tirari 
Formation. These secondary gypsum deposits only occur at depths of many metres in a 
profile and the unusual characteristics of these layers is thought to be due to slow 
prolonged growth over long periods of time in conditions of considerable confining 
pressure, due to depth of sediment overburden. Thus they can be considered as growth of 
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a gypsum vein rather than as individual gypsum crystals. However, as they do not occur 
in any sediments younger than Kutjitara formation, they have not been a focus for this 
study and will not be considered in detail here. 
Al.1.3.2 Halite 
Halite is restricted to the basin centre in the dry playa fades where it occurs as a surface 
salt crust where the central concentrated portion of the sub-surface playa brine pool occurs 
(Bowler, 1986) . The groundwater at this central part of the brine pool is at halite 
saturation (>250%.) and outcrops above the sediment surface at the level of the top of the 
salt crust. The surface salt crust has been studied in detail by Bonython (1956) and 
Dulhunty (1974). A detailed study of the halite evaporites has not been undertaken in this 
study. 
Al.1.4 Erosion and pedogenic modification 
At Lake Eyre today soil formation is minimal due to extremely low moisture availability. 
At the time ~f European settlement of the region, in the second half of last century, the 
relatively high quality of natural pastures in existence and a series of high-rainfall years 
lead the newly arrived pastoralists to maintain unsustainably high stocking rates 
(Bonython, 1971; Patchen, pers comm). At the close of that century the arrival of rabbits 
coincided with the onset of a major drought; combined with overstocking this caused 
major changes in the landscape and ecology, which have never been reversed (Patchen, pers 
comm). Johnson et al (pers comm) report a major change in the vegetation from mixed C4-
C3 assemblage towards C3 dominance at that time, which is the same trend that occurred 
leading into the last glacial maximum. In response to this change in vegetation, soils were 
truncated by erosion and the thin sandy A-horizons were stripped from many parts of the 
landscape. Similar events have undoubtedly occurred through the Quaternary in response 
to climate change, with stable vegetation and pedogensis dominant during relatively wetter 
periods and vegetation instability and soil truncation during more arid periods. 
Pedogenic modification has three main impacts on the sediment: colour changes, textural 
and structural changes, and translocation of components. With organic matter very low or 
absent, colour in these arid zone soils is determined essentially by the oxidation state of 
the iron in the clay minerals. Increasing iron content, due to clay mineral dust accession, 
and increasing degree of oxidation leads to stronger red colouration with time. Significant 
quantities of manganese in association with the iron can lead to darker brownish red and 
chocolate brown colours. Changes in texture and structure are mainly due to translocation 
of clay down the soil profile, producing a sand-rich A-horizon overlying a day-rich B-
horizon. Sandy A-horizons are rarely preserved with soils usually truncated to the harder 
more cemented B-horizon when vegetation is reduced. The secondary clay of soil B-
horizons is deposited as grain and void coatings or cutans which, when sufficiently 
massive, result in a network of sub-vertical and sub-horizontal cracks producing a blocky 
pedal structure. Secondary clay is also deposited on the surface of these cracks and 
slickensides can develop. Soluble salts are also translocated down the soil profile and 
sparingly soluble minerals, chiefly carbonate and gypsum, are re precipitated in the profile 
B-horizon, often adding to the hardness and cementation of that layer. The gypsum and 
carbonate can be primary components of the sediment or be added to the soil as aeolian 
accession. Although some lacustrine nearshore, beach and associated aeolian deposits can 
contain considerable quantities of primary carbonate, the basin generally is too arid to be 
characterised by carbonate-rich soils and secondary carbonates are rare. Gypsum is by far 
the dominant soluble. component which precipitates as a secondary mineral in soil B-
horizons and the nature and distribution of pedogenic gypsum were detailed in Section 
Al.1.3.1.3 above. 
Al.2 DEPOSITIONAL ENVIRONMENT AND FACIES 
Lacustrine facies dominated by surface-water deposition, playa facies dominated by 
groundwater-controlled processes (but with some surface-water influence), fluvial channel-
related and overbank facies and aeolian source-bordering and desert dune facies are the 
main depositional environments in the Lake Eyre sequence, each with a number of sub-
environments. Table Al.3 summarises the sedimentary components and structures 
characteristic of each of these depositional sub-environments. 
The lacustrine facies includes beach, shallow- and deep-water sub-environments of both 
fresh (includes brackish water) and saline water bodies with the presence or absence of 
salinity stratification of deep-water environments as the major difference. Fresh and saline 
beach and fresh shallow-water sub-environments consist of clean quartz-dominated sands 
(plus gravels in beaches) with abundant detrital and biological carbonate grains; clay and 
gypsum are absent except for very rare reworked clay pellets and discoidal gypsum in 
saline lake beaches. Saline shallow-water sub-environments can contain elastic gypsum 
and oriented clay laminae. Deep-water lacustrine sediments are laminated, clay-rich and 
sand-poor with salinity stratification in saline sub-environments resulting in darker 
colours, finer lamination and highly oriented clay. 
The playa facies includes an ephemerally flooded playa environment, with beach and 
shallow-water sub-environments, and a dry playa environment with central and peripheral 
playa sub-environments. Playa marginal dunes or lunettes containing components deflated 
from the dry playa phase are a related aeolian sub-environment. Sediments in the 
ephemerally-flooded playa sub-environments are similar to those of their shallow-water 
lacustrine equivalents but with reworked clay pellets and discoidal gypsum more common, 
carbonates less common except for microbial mats and the occurrence of evidence for 
desiccation such as shrinkage cracks. Dry groundwater-dominated playa sub-
environments are quite different with the peripheral zone dominated by red-brown 
colouration, quartz, massive clays, discoidal gypsum and evidence of desiccation and 
pedogenic modification. The central playa sub-environment is characterised by a halite 
salt crust. 
Pluvial high-energy channel related sub-environments are sand-dominated, with minor mud 
drapes, rare biological carbonate and abundant trough and ripple cross-stratification; 
sequences commonly fine upwards. Primary gypsum is virtually absent but abundant 
secondary pedogenic gypsum occurs. The low-energy overbank sub-environment is mud-
dominated, though thin fine sand layers do occur, and it lacks carbonate, has abundant 
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ENVIRONMENT COLOlIB SAND - CLAY CARBONATE GYPSUM STRUCTURE 
Quartz, 
Detrital, biological Coarse lamination, 
Beach Clean carbonate Absent Waterbird eggshell Absent coquinas, gravels 
0 :I: GS: Gr-med 
E-d!a Quartz, ::c:~ Shallow water Clean carbonate Rare Detrital, Absent Laminated rJJu biological ~~ GS: VC-med ~ 
~ i:.. =:l Light Deep water greenish & Absent Non-oriented Micrite, Absent Finely laminated mud marl layers 
E-< olive grey 
r:ri Quartz, Rare Detrital, biological, ~ carbonate, clay 
reworked ooids, Rare reworked Coarse lamination, u Beach Clean pellets, gypsum microbial mats discoidal coquinas, <: clay pellets 
i-J GS: Gr-med Waterbird eggshell 
i;.:i Quartz, Detrital, biological, Reworked discoidal, Very finely laminated, z Dark carbonate, clay Oriented 
-
Shallow water green& ooids, elastic prismatic, rare gypsum rippled & graded, 
....i pellets, gypsum 
< blue grey GS: C-fine 
clay microbial mats 'sedentary' detrital layers graded 
rJl 
Deep water 
Very dark Oriented Micrite, 
'Settled' prismatic Very finely laminated, green& Absent 
clay marl layers gypsum..llQl rippled blue grey 
....i0 Quartz, Rare Rare biological, ~~ Beach Clean carbonate, clay reworked rare detrital Reworked discoidal Coarse lamination pellets, gypsum i:.:io GS: VC-med clay pellets Microbial mats ::Eo Quartz, Rare biological, FineJ, laminated, Gypsum i:.:io Light & g: ti Shallow water dark carbonate, clay Oriented rare micrite Reworked discoidal, gra ed & rippled, graded ~ pellets, gypsum clay elastic prismatic clay drapes & intercalations i;.:i green grey GS: C-fine Microbial mats Desiccation cracks ~ ~Cl Quartz, Reworked Massive, pelletization <~ Peripheral playa Red-brown Carbonate Massive biological, rare Displacive discoidal & disruption, pedogenic 6~ GS: C-fine secondary reorganization ~~ 
Halite salt crust oO Central playa White Absent Absent Absent Minor accessory c.:0 
(.!) 
Quartz, rare Rare Rare detrital, shell Rare reworked clasts Trough cross lamination. 
Channels Clean heavy minerah clay-ball Occasional fish and Secondary discoidal Fining upwards. ;:.... Intraclast gravels. () GS:Gr-med clasts animal bone incorporative Channel morphology i:i:: Quartz, rare Trough & ripple cross i;.:i Lateral accretion Rare mud Rare shell and Secondary discoidal I z Clean heavy mineral! lamination. Fining upwards. i;.:i point bars drapes animal bone incorporative ::c: GS: C-fine Lateral accretion surfaces () Clean & Quartz, rare Secondary discoidal Climbing ripples, - Channel-marginal Mud ::c: orange heavy minerals Absent incorporative and Mud drapes, climbing ripples brown GS: Fine-V.fine drapes displacive Loading deformation 
;:.... Orange Indistinct sand layers and ~~ Vertical accretion Rare Quartz Secondary discoidal brown to Abundant Absent grading. Pedogenic structures 9~ overbank chocolate GS: Fine-V.firn mud displacive secondary Mn nodules til brown 
Quartz, Reworked Rare Large scale cross (.!) Beach foredunes Clean carbonate Absent biological, microcrystalline z bedding ;: GS: C-fine Eggshell secondary 
.., Quartz, Reworked Cl Reworked discoidal, Planar Junette ~ c.: Playa-marginal Red-brown carbonate, clay Pelletal biological, 0 dunes/Lunettes to grey pellets, gypsum clay Eggshell microcrystalline lamination. ll'l secondary Pedogenic structures .., GS: Med-fine Rare secondary 
0 ~ River-valley Pale Quartz Occasional Rare discoidal, Planar to cross ~ Eggshell microcrystalline <: 0 source-bordering orange pelletal laminated. CJ) dunes brown GS: Med-fine clay secondary, rhizomes Pedogenic structures 
ra ill Longitudinal Orange Quartz Soil B-horizon! Eggshell, Microcrystalline Cross laminated. lfl~ desert dunes brown to Dune flanks Secondary rhizome! secondary, rhizomes Pedogenic structures oo red GS: Med-fine and swales 
Table Al.3. Summary of the sedimentary components, characteristics and structures of the depositional 
facies recognised in the Lake Eyre sequence. Abbreviations: GS = grainsize; Gr = gravel, VC = very coarse 
sand; C =coarse sand; Med= medium sand; fine= fine sand; V fine= very fine sand. 
secondary gypsum and characteristically shows evidence of oxidation and pedogenic 
modification; colour is orange brown to chocolate brown. 
Aeolian sub-environments include source-bordering transverse dunes at the downwind 
margins of lakes, playas .and river valleys and the longitudinal dunes of the Tirari and 
Simpson Desert dunefields. Beach foredunes consist of quartz and carbonate sands from 
the adjacent beach but they are better sorted and of finer grainsize, with the carbonate 
grains commonly abraded and broken; large scale cross lamination is commonly present. 
Playa-marginal lunettes are dominated by quartz, clay pellets and discoidal gypsum and 
less-common very abraded lacustrine carbonate grains; planar lamination occurs where 
clay pellets are abundant. Gypsum-rich pedogenic profiles are commonly developed on 
playa-marginal lunettes, often truncated by deflation to a gypcrete horizon. River-valley-
marginal source-bordering dunes are quartz sand-dominated with rare clay pellets and 
minor secondary pedogenic gypsum, mostly in the form of rhizomorphs. Longitudinal 
desert dunes are quartz sand-rich on the crests with moderate clay abundance and minor 
secondary pedogenic gypsum in the form of rhizomorphs on the flanks and swales; crests 
have large scale aeolian cross lamination. Avian eggshell is a very common biogenic 
carbonate component of all aeolian sub-environments. 
Al.3. DEPOSITIONAL MODEL FOR LAKE EYRE 
Depositional scenarios are proposed here which demonstrate the response of the 
lacustrine, fluvial and aeolian depositional environments to particular climatically-
controlled hydrologic conditions. Figure Al.1 is a diagrammatic representation of the 
model in three different hydrologic stages in which a plan view and cross-sectional view of 
the lake are presented for each stape. In plan view the lake in Figure Al.1 is a simplified 
depictiGn of Lake Eyre North with three major stream inputs in the approximate positions 
of the Cooper, Warburton and Neales and a sediment-shifting wind resultant from south 
to north. In this depositional model, Phases 1-3 form an evolutionary series whereby a 
particular spatial and temporal array of landforms and sediments are produced in 
response to a sequence of climatically-controlled hydrologic conditions. As is 
demonstrated from the stratigraphic record of the basin (Chapters 2, 3, 4 and 5) the lake 
has repeatedly passed through the stages of this evolutionary series. 
STAGE 1: High-Lake Phase. In this phase the lake is characterised by perennial high-water 
levels fed by fluvial systems which are much more active than those of today, in response 
to an effectively wetter climate in the catchment. This implies an enhanced summer 
monsoon regime, which may have caused higher magnitude and/ or frequency of 
penetration of monsoon moisture to the region of the lake itself. However, it is unlikely 
that conditions at the lake were significantly altered, with aridity and evaporation the 
dominant characteristics. 
Water depth in the lake could be up to 25-30 m, probably with some seasonal and inter-
annual oscillation, and the lake acts as a recharge source for the local watertable. In the 
basin centre laminated clays are deposited which are calcareous and non-oriented when 
the lake is fresh or brackish and not stratified. However, in a closed lake in a region 
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PHASE 1 
PHASE 2 
PHASE 3 
Stranded 
beach ridge 
Inner 
beach ridge 
High Lake Stage 
Playa Lake I Deflation Stage 
High Lake Phase 
Renewed clay deposition 
Lunette cliffed 
and reworked 
Fig. Al.1. Diagramatic representation of the three depositional phases outlined in the text 
Dust 
of high evaporation, salinities are dominantly high, resulting in permanent salinity 
stratification of the water body and anoxic bottom conditions. This results in dark 
coloured, very finely laminated, oriented clay interbedded with thin laminae of settled 
gypsum which are often altered to carbonate by sulphate reducing bacteria. In a water 
body larger than modern. Lake Eyre there is considerable fetch, and active shoreline 
erosion, transport and deposition produce abundant beach and nearshore sandy sediment; 
oscillations of lake level extend the width of the nearshore and shallow-water depositional 
zones. The south-to-north wind dominance results in a net longshore transport of 
nearshore and beach sediments to the north and a build up of beach-sand-dominated 
source-bordering dunes, rich in lacustrine carbonates, on the northern and north eastern 
margin. 
River flow in this phase is perennial, but variable, with a marked seasonal flood cycle. 
Rivers aggrade to the high-lake level by deposition of lateral accretion point bar sediments 
by streams which meander in valleys wider than the modern stream valleys (Tedford et al., 
1986). Where streams meet the brackish or saline water of the lake, deltas form which 
contain much of the silt-sized suspended sediment load of the streams. 
STAGE 2: Playa-Lake/Deflation Phase. If monsoon precipitation becomes less effective the 
fluvial systems become less active and inflow to the lake is considerably reduced. At the 
same time, reduced penetration of monsoon moisture to the region of the lake itself leads to 
even stronger aridity and evaporative conditions. This results in the onset of saline playa 
conditions dominated by groundwater processes and result in deflation of sediment and 
salts from the basin. 
During the transition from wet to drier conditions, the lake is highly variable and 
ephemeral as stream discharge becomes more variable, but probably still subject to large 
floods . Shallow-water and beach sand-sized sediments are widely, but thinly, distributed 
in the basin and often reworked as the lake level oscillates. Microbial mats and displacive 
discoidal gypsum precipitated at the capillary fringe of the water table are common 
sedimentary components which are often eroded and reworked. Clastic gypsum 
evaporites occur commonly, interbedded with thin oriented clay laminae deposited from 
seasonal flood inflow. In this variable ephemeral/playa phase, interaction between 
surface water and groundwater occurs at the same time as evaporation of both is 
precipitating gypsum, significantly increasing the groundwater Mg/Ca ratio. This high 
Mg/Ca ratio groundwater in contact with pre-existing carbonate sediment provides ideal 
circumstances for dolomitisation, particularly of microbial mat sediments which 
preferentially occur in the peripheral playa zone where groundwater gypsum precipitation 
is concentrated. 
With further reduction of inflow, groundwater-controlled playa conditions become 
established. The basin becomes a groundwater-discharge zone and groundwater salinity 
rises due to evaporative concentration. As the watertable is lowered by evaporative 
pumping, salts crystallised within the sediment matrix, at the groundwater capillary fringe, 
disrupt the sediment, resulting in deflation of sediment and salts from the basin. Provided 
disruption and deflation of sediment keeps pace with the rate of watertable lowering, large 
quantities of sediment and salts can be removed from the basin. Watertable lowering 
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continues until the groundwater level reaches equilibrium with the evaporative conditions 
and a halite salt crust develops in the centre of the basin, with minor evaporation at its 
perimeter. Thus the initial phase of a dry episode, when the lake is in the process of 
change from high watertable/recharge conditions to low watertable/discharge conditions, 
is the most effective period of sediment and salt deflation. Once the watertable stabilises, 
deflation becomes minimal and subsequent increase in aridity may not result in significant 
sediment and salt removal because the move towards aridity has not followed a period of 
high watertable. 
Sand-sized clay aggregates, discoidal gypsum crystals and quartz sands, disrupted and 
deflated by this process, are transported downwind by saltation to the playa margin 
where they accumulate as transverse dunes or lunettes which may bury beach and foredune 
sediments deposited by previous wet phases. Silt- and clay-sized salts and sediment are 
removed from the basin as dust, with much of it deposited downwind of the playa within 
the basin catchment and an unknown quantity probably removed from the catchment. 
Soluble salts, such as sodium chloride and sodium sulphate, removed from the playa by 
this process, are probably recycled to the playa relatively quickly by both surface and 
groundwater processes. Sparingly soluble gypsum is leached from the ground surface by 
meteoric water and re-precipitated pedogenically within the sediment and becomes fixed 
in the landscape for long residence periods of hundreds of thousands of years. 
As the lake changes from a high-lake phase to a playa phase there is a considerable 
reduction of base level, due to the lowering of water level and deflation of sediment, and 
the lower reaches of the streams are incised into fluvial and deltaic sediments deposited 
during the previous high-lake phase. As low-lake-level conditions continue, the lower 
reaches of the valleys are widened laterally at the reduced base level, and incision 
proceeds up the valley, for tens to hundreds of kilometres. Although stream inflow is 
considerably reduced, floods still occur and some sediment is transported to the lake. 
Most sediment is deposited in the lower reaches of those rivers and minor deltas can be 
constructed at the lakeward margin of the high-lake phase deltas. The minor amounts of 
fine elastic sediment which reach the playa depocentre during major ephemeral floods, are 
removed from the basin by groundwater-controlled deflation, which occurs in response to 
minor water table lowering during drought periods. Until the climate changes, the playa is 
in a stable equilibrium state with negligible net accumulation or loss of sediment. 
ST AGE 3: High- to Medium -Lake Phase. This phase is characterised by a return to 
perennial high-water levels, fed by active fluvial systems, in response to a summer 
monsoon regime which is again enhanced. Conditions are not as wet and more variable 
than in Phase 1 which results in a lower lake level and more frequent oscillations of lake 
level and salinity. 
Water depth is still sufficiently high for the lake to recharge local water tables and beach 
ridges are constructed at a lower level and on the lakeward side of beach ridges 
constructed during Phase 1. The range of beach, nearshore and basin-centre sediments 
which characterised Phase 1 all occur, although salinity stratification occurs less 
commonly, and depositional conditions are more variable in response to frequent 
oscillations of lake level and salinity. Sedimentary units which are characteristic of 
particular depositional environments are thinner than in sequences deposited during Phase 
1 conditions. elastic gypsum layers are the most common evaporites and sediments 
characteristic of ephemeral playa conditions, such as microbial mats and reworked 
discoidal gypsum, may also occur. 
As in Phase 1, river flow is dominantly perennial, but more variable and again marked by a 
strong seasonal flood cycle, and deposition is controlled by the rise in base level. Rivers 
aggrade to the new high-lake level by deposition of channel and lateral accretion deposits 
which infill the valley incised during the previous low-base level phase. As in Phase 1, 
much of the silt-sized suspended sediment load of the streams is deposited in deltas 
where the streams meet the brackish or saline water of the lake. 
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Appendix 2 CHRONOLOGIC METHODS 
When the Australian National University's Salt Lakes Evaporites and Aeolian Deposits 
project (SLEADS) initiated its . Lake Eyre coring program at Madigan Gulf in 1982, 
conventional radiocarbon dating by radiometric measurement was the only commonly 
accepted and readily available Quaternary dating technique. When field work specifically 
related to this project commenced in 1989 the situation was little changed, with some new 
techniques now in existence (such as accelerator mass spectrometry for radiocarbon and 
the application of luminescence dating to sediments), but these new techniques were not 
readily accessible. At that time, limited radiometric radiocarbon dating which had been 
carried out at Lake Eyre (Wells and Callen, 1986) indicated that most of the fluvial and 
lacustrine sedimentary sequences exposed in playa- and river-marginal cliffs were at least 
35-40,000 years BP in age and therefore beyond the limits of the technique. Although 
playa sediments and aeolian deposits were known, which were believed to be younger and 
therefore likely to lie within the range of the radiocarbon technique, they contain 
insufficient carbon for conventional radiometric methods. 
During the period covered by this project, there has been a revolution in Quaternary dating 
techniques which is as significant for Quaternary geochronology as was the initial 
development of radiocarbon some 50 years ago. Accelerator mass spectrometry (AMS) 
has allowed highly accurate measurement of 14C atoms in extremely small samples. This 
has not only allowed the application of radiocarbon to samples too small to be dated by 
conventional techniques, but has also permitted the application of rigorous pretreatment 
regimes, which can remove substantial quantities of the sample's total carbon. Detailed 
physical and chemical pretreatment has resulted in greater confidence of successful 
removal of contaminating carbon of different age to the sample to be dated. Luminescence 
dating of sediments has become much more widely available and better understood and 
the development of optically stimulated luminescence (OSL) has solved many of the 
bleaching problems of thermoluminescence (TL) thereby extending the technique to a wider 
range of environments. Luminescence dating can be readily applied to quartz which is 
virtually ubiquitous at Lake Eyre and has the additional advantage that it can usually 
extend well beyond the limits of radiocarbon, typically back to 2-300,000 years at Lake 
Eyre. Although the geochronologic application of amino acid racemization (AAR) was 
discovered in the late 1960's, it was not till 1990 that bird eggshell was found to be the 
best material known for this technique (Brooks et al, 1990). At Lake Eyre, the abundance 
of eggshell of the giant flightless terrestrial birds (emu and Genyornis) in aeolian sediments 
and of waterbirds in beach sediments has allowed a broad temporal and spatial 
application of this technique. Uranium-series disequilibrium dating also extends well 
beyond the limits of radiocarbon, but a number of conventional radiometric determinations 
at Lake Eyre on bone, gypsum and secondary iron mineralisation, which were done by Dr S 
Short of ANSTO at the beginning of this project, produced inconsistent and problematic 
results. The application of thermal ionisation mass spectrometry (TIMS) has allowed 
highly precise measurement of extremely small samples which, as with AMS in 
radiocarbon, has permitted the application of the technique to carefully targeted and 
pretreated small samples. At Lake Eyre, preliminary results from TIMS dating of 
Genyornis eggshell are extremely encouraging. 
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RESULT 
METHOD 
NUMERIC AGE RELATIVE AGE CALIBRATED CORRELATED 
AGE AGE 
ISOTOPIC RADIOCARBON 
Changes in isotopic 
composition due to URANIUM-SERIES 
radioactive decay DISEQUILIBRIUM 
RADIOGENIC THERMOLUMINESCENCE 
Cumulative non-
isotopic effects of OPTICALLY STIMULATED 
radioactive decay, LUMINESCENCE 
such as electron 
energy traps 
AMINO ACID AMINO ACID 
CHEMICAL RACEMIZATION RACEMIZATION 
Results of time Bone uranium 
dependent chemical content 
processes Bone fluorine 
content 
Pedogenic 
GEOMORPHIC processes Pedogenic 
Results of time-
- colour change processes 
dependant 
- secondary - colour change 
geornorphic gypsum - secondary processes Pluvial events gypsum 
- incision 
- aggradation 
CORRELATION Lithostratigraphy Lithostratigraphy Lithostratigraphy 
Age equivalence by Palyno-stratigraphy Palyno-stratigraphy Palyno-stratigraphy 
time-independent Fossil- Fossil- Fossil-
properties biostratigraphy biostratigraphy biostratigraphy 
Table A2.1. Classification of dating methods used in this study, according to the scheme proposed 
by Coleman et al, (1987). Methods in capitals have produced the most significant results. 
This chapter will examine the chronological techniques which have been used in this study 
but as the focus of the study is on the ages produced and their stratigraphic implications, 
rather than the dating methodology, the principles and methods used for each technique 
will be presented in outline only. Greatest emphasis will be placed on discussion of the 
problems of radiocarbon sample contamination and the advantages of AMS techniques to 
overcome these problems, as well as the use of OSL and AAR techniques which have 
provided the main chronologic framework. 
A2.1 DATING TERMINOLOGY 
The recommendations for Quaternary dating terminology of Coleman et al (1987) are 
mostly followed in this study. The terms age and age estimate are preferred to describe an 
interval of time measured back from the present and the use of the terms date and dating is 
restricted to referring to the process of determining ages. The term numeric age is preferred 
for those techniques which provide a quantitative estimate of age and uncertainty. The use 
of the term absolute age is rejected by Coleman et al (1987) because of a number of 
problems in the absolute accuracy of such techniques, including variation or errors in 
analytic precision and decay constant estimation, sample contamination and the 
relationship of the zeroing of the material dated to the geologic event targeted for dating. 
Coleman et al (1987) suggested a fundamental classification of Quaternary dating methods 
based on both the type of method and the type of result, and Table A2.l lists dating 
methods used in this study according to that terminology: 
Numeric ages are quantitative estimates of age and uncertainty which, at Lake Eyre, are 
provided by radiocarbon and uranium-series isotopic methods and TL and OSL 
radiogenic methods. 
Relative ages are an age sequence, usually with a measure of the magnitude of age 
difference, which are provided by correlation methods such as superposition of 
strata, palyno-stratigraphy and fossil bio-stratigraphy; geomorphic methods such as 
the relationship of geomorphic events (fluvial incision and aggradation) and 
progressive pedogenic modification (colour change and secondary mineralisation); 
chemical methods such as AAR and fluorine and uranium uptake by bone apatite; 
isotopic methods where uncertainties exist about contamination and integrity of 
closed system behaviour such as uranium series determinations on bone. 
Calibrated ages are estimations of age based on calibration of relative age methods by 
independent chronologic control which are provided, most importantly at Lake Eyre, 
by the chemical method AAR. 
Correlated ages are age estimates based on demonstrated equivalence to independently 
dated deposits or events which, at Lake Eyre, are provided by lithostratigraphic, 
palyno-stratigraphic and fossil bio-stratigraphic correlation methods and by 
geomorphic methods such as pedogenic character. 
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The abbreviations used to express ages can be a source of considerable confusion owing to 
the lack of universally accepted conventions. This study will use the terminology suggested 
by Coleman et al (1987) in which numeric age estimates from OSL, TL, U-series and 
calibrated AAR methods are expressed as ka and Ma for thousand and million years, 
respectively, measured back from the ' present. Radiocarbon ages will be reported 
according to the established convention of years BP which indicates age in years measured 
back from 1950 AD. The relationship between radiocarbon age and absolute or calender 
age has varied in the past, as variations in the atmospheric production rate of 14C have 
altered the initial 14C/12C ratio of samples. Therefore, calibration of the radiocarbon age 
is required for comparison with ka ages, which are absolute or calender years. In this 
study, calibration of radiocarbon ages is derived from the CALIB 3.0 program (Stuiver and 
Reimer, 1993) for samples less than 10,000 years BP and from the second order 
polynomial expression of Bard (unpubl.), based on paired U-series and 14C dates on 
corals, for samples older than 10,000 years BP. This expression, from Miller et al (1997), 
is: 
Calibrated age = -5.85*10-6*(Conv. 14C age)2 + 1.39*(Conv. 14C age) - 1807 
Calibrated radiocarbon ages are expressed as calibrated years. 
Finally, consideration is required of the terms accuracy and precision and the different ways 
the uncertainty of age estimation is assessed by different dating methods. Accuracy refers 
to the closeness of an age estimate to the true age of a sample and precision is the range of 
uncertainty associated with that estimation, usually expressed as an error. The precision 
of the age estimate can be affected by both random and systematic errors in the analytical 
procedure, in environmental factors and in the association of the sample to the event to be 
dated. Different dating methods do not consider these errors in the same manner. For 
instance, isotopic methods quote an error of one standard deviation(± lcr) which refers 
only to the ability of the analytic technique to measure the abundance of the particular 
isotope, and takes no account of sample contamination or other sample or environmental 
variables. On the other hand, TL and OSL methods attempt to account for both the 
analytical errors of palaeodose measurement and the analytical and environmental errors 
of dose rate determination, which results in larger errors, or less precise dates. In 
interpreting dates, it is critical to not confuse accuracy and precision and to recognise that 
it is possible to have accurate dates with low precision, which is the case for most of the 
OSL dates reported in this study. On the other hand, mass spectrometric methods of 
isotopic analysis are extremely precise and it is possible to have AMS radiocarbon or TIMS 
U-series dates of badly contaminated samples which are very inaccurate but highly 
precise. 
A2.l.1 Marine oxygen-isotope stages 
Deep-sea cores at many sites have provided continuous records through all or most of the 
Quaternary which, in many instances, can be correlated by means of isotopes, 
micropalaeontology and palaeomagnetic record. Systematic variations in the b 180 of 
foraminiferal carbonate tests in deep-sea Quaternary sediments was initially attributed 
mostly to fractionation due to the changes of temperature during the glacial interglacial 
cycles (Emiliani, 1955). It was later realised that the changes mostly reflect increasing 18Q 
abundance relative to 16Q in the oceans as evaporated water (which is enriched in the 
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ka boundaries Error (Martinson et al., 1987) 
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Figure A2.1. Diagramatic representation of the marine oxygen isotope 
stages over the past 260 ka. The stage boundaries and the sub-stage peaks 
and troughs in stage S, with associated error estimations, are from 
Martinson et al. (1987) who used four different orbital tuning techniques 
to derive their ka estimates. The sub-stage peaks (Sa, Sc, Se) are indicated 
with an arrow to the right, the sub-stage troughs (Sb, Sd) are indicated with 
an arrow to the left (Se is defined as a double peak). The dotted lines 
within stage S are the mid points between the sub-stage peaks and troughs 
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lighter isotope) becomes locked up in ice sheets, as a glacial period develops (Shackleton, 
1967). The b 180 variations thus are dominantly a record of ice volume and can be used as 
a proxy for sea level change, and the waxing and waning of ice sheets through the 
Quaternary climatic cycles. The asymmetric "saw-tooth" pattern of variations shows an 
oscillatory lead into glacial p~riods and · a relatively rapid recovery to interglacial warm 
periods, with both highs and lows reaching very close to the same level in each cycle. This 
pattern of approximately 100 ka cycles allowed division of the Quaternary into a number 
of stages numbered back from the present with even numbers representing cold glacial or 
stadial episodes and odd numbers representing warm interglacial or interstadial episodes 
(Emiliani, 1955) . This approach was carried further by Shackelton and Opdyke (1973) 
who defined 22 isotope stages back to just beyond the Bruhnes-Matuyama boundary, in 
the Pacific Ocean Core V28-238, and established the currently accepted method of 
isotopic stage definition. 
Dating of deep sea records, by radiocarbon, by U-series and by palaeomagnetic reversal 
stratigraphy, has not been free of difficulty but has clearly established that the pattern of 
major fluctuations is related to the astronomical cycles of variations in solar intensity, 
caused by variations in the Earth's orbital geometry. This has resulted in Martinson et al 
(1987) producing a high-resolution time scale for the marine isotope stages of the last 300 
ka which is dated by four different "orbital tuning" methods which relate the b 180 cycles to 
the astronomic cycles. Figure A2.1 illustrates the numeric estimates of stage boundaries 
and associated errors as determined by Martinson et al (1987). The marine isotope stages 
have become the stratigraphic framework for studying the Quaternary as was predicted by 
Shackleton and Opdyke (1973) when they stated it was "highly unlikely that any superior 
stratigraphic subdivision of the Pleistocene will ever emerge". In this thesis, deposits and 
events, which have been numerically dated, are frequently referred to in terms of marine 
isotope stages, recognising the fundamental role that those subdivisions play in 
understanding and correlating Quaternary events. 
A2.2 RADIOCARBON DATING 
The three naturally occurring forms of carbon are the stable isotopes 12C and 13C, which 
form about 99% and 1 % of atmospheric C02 respectively, and the radioactive isotope 14C, 
or radiocarbon, which is about 1.2 x 10-10% of atmospheric C02 (Arnold, 1995). 
Radiocarbon is formed continuously in the upper atmosphere by the action of cosmic ray 
neutrons on nitrogen atoms and is rapidly distributed throughout the atmosphere as 
carbon dioxide. The 14C/12C ratio in the atmosphere is a balance between the rate of 
production and the rate of radioactive decay and is not constant because the production 
rate varies as the cosmic ray flux changes in response to variations in the Earth's magnetic 
field. Any carbon-containing compound, which exchanges freely with the atmosphere, has 
an initial 14Cj12C ratio the same as that of the atmosphere at the time of its formation . 
When atmospheric exchange can no longer occur the 14C/12C ratio falls as radioactive 
decay converts 14C to 14N. If the initial 14C/12C ratio and the rate of radioactive decay 
are known, it is possible to measure the present 14C content in the sample and calculate 
the time since it was in equilibrium with the atmosphere. Living organisms contain carbon, 
which is normally in equilibrium with the atmosphere until the animal dies, and can be 
dated by radiocarbon. Some inorganically-precipitated carbon-containing compounds, 
such as carbonates, from aquatic, soil and cave environments also form in equilibrium with 
the atmosphere and are suitable for the technique. 
Mixing between the atmosphere and other carbon reservoirs such as soils, rivers, lakes and 
the ocean is usually ~apid. - However, the 14C/12C ratio of secondary reservoirs can vary 
from that of the atmosphere, if sources of "old carbon", such as carbonate rocks or coal, 
can also interact with the reservoir, or if the residence time is long enough for significant 
radioactive decay to occur, such as in the deep oceans. There is considerable emphasis in 
the literature on lakes enriched in "old" carbonate and radiocarbon ages which are older 
than they should be from organisms in equilibrium with the water (Arnold, 1995). 
Although Lake Eyre has abundant silicified dolomite of Oligo-Miocene age in its local 
catchment it is not a high pH "hard-water lake" and is relatively shallow with an extremely 
large surface area to volume ratio and is likely to be in equilibrium with the atmosphere. 
Another factor which can alter the initial 14C/12C ratio is isotopic fractionation which can 
occur during formation of the carbon compound. Fractionation of 14C is proportional to 
fractionation of the stable isotope 13C and, as the amount of 13C does not subsequently 
change, the 13C/12C ratio of the sample can be used to correct the radiocarbon age for 
fractionation effects on the initial 14C/12C ratio (Arnold, 1995). Plants which use the C3 
photosynthetic pathway are close to the -25 o/oo c 13C normalisation value accepted by 
convention and require minimal correction but C4 plants and carbonate minerals have less 
negative c 13C values and require larger corrections (Arnold, 1995). 
Although recent measurements indicate the true 14C half life is 5730 ± 30 years (Gillespie, 
1986), it is an accepted convention that radiocarbon ages are calculated using the Libby 
half life of 5568 years to maintain consistency with the many older dates calculated using 
the Libby value. The slightly longer half life results in ages which are greater by 2.9% 
(Arnold, 1995). 
A2.2.1 The contamination problem 
A fundamental assumption for radiocarbon dating is that the sample has remained a 
closed system for exchange of carbon since the time of its formation. Because the natural 
abundance of 14C is so low, the initial 14C content of samples is also very low and 
becomes progressively lower as radioactive decay occurs. Carbon, in combination with a 
small number of other elements, can form well over a million known compounds, more than 
known for any other element. Carbon compounds are the basis of all life processes 
including the building of molecular structure and the processes of physiological activity. 
While this reactivity can be an advantage for radiocarbon dating, in that it increases the 
potential for obtaining datable materials, it also ensures that it is extremely difficult to 
obtain samples which have not exchanged carbon since their formation and there is great 
potential for significant levels of contamination of samples by non-coeval carbon. In 
material with an age of 50,000 years there is less than 0.2% of the original 14C remaining. 
Figure A2.2 illustrates the effect of sample contamination at levels which could be difficult 
to recognise and/or remove. Contamination with 1% modern (pre-bomb) carbon would 
increase the 14C content of a 50,000 year old sample to approximately 1.2% of the original 
14C content, resulting in an apparent age of 35,530 years BP. The same level of 
contamination in material 100,000 years old(< 0.0004% of original 14C remaining) results 
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in an apparent age of 37,000 years BP. For these levels of contamination the apparent age 
clearly approaches an asymptotic value of about 37,000 years BP. 
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Fig. A2.2. The effect on the apparent age of radiocarbon dates caused by 
low levels of contamination by younger carbon. Contamination by 1 % 
Modern carbon or 3.5% carbon of 10 ka age both result in the apparent 
radicarbon age approaching an asymptotic value of 37,000 years BP. 
(Modern= 1950 AD) 
These problems of dealing with contamination by younger carbon have long been 
recognised by radiocarbon specialists (Gillespie, 1986, Figs. 2 & 3) and are clearly 
demonstrated in many studies. For instance, a review by Thom (1973) concluded that a 
large number of radiocarbon dates ranging between 20,000 and 38,000 years BP, which 
provided sea-level estima.tes close to present sea-level, were erroneous and were derived 
from younger carbon contamination in samples of last interglacial age. Recent work, from a 
number of sites, on fractionated samples, where different ages are obtained from different 
organic fractions, has demonstrated the reality of contamination in these samples (1986; 
Gillespie et al, 1992; Chappell et al, 1996). Criteria, such as those devised by Meltzer and 
Mead (1985), which are designed to filter out unreliable dates, implicitly recognise the 
prevalence of sample contamination and the differences in discrimination and removal of 
such contamination in different materials. When applied rigorously, such schemes can 
often rule out large portions of data sets. For instance, Baynes (1995) recently applied the 
Meltzer and Mead criteria to 91 radiocarbon age determinations of megafaunal presence in 
Australia, resulting in the rejection of 83, including all those younger than 28,000 years BP. 
Chappell et al (1996), in a detailed review of contamination problems of radiocarbon 
determinations, have demonstrated that different materials, such as corals, large shells, 
small shells, wood, cellulose, charcoal and bone, differ in their ability to approximate a 
closed system for exchange with carbon. They suggested that this variation between 
materials results in a different age, for each material, at which dates approach an 
asymptote and they highlight the danger of indiscriminately applying filtering criteria 
which may have been designed to assess events of a particular age. For instance, according 
to the criteria of Meltzer and Mead (1985) for assessing dates for the extinction of the 
North American megafauna (an event close to the Pleistocene/Holocene boundary) 
charcoal is rated at the highest level of reliability. However, evidence from semi-arid 
Australia suggests that charcoal is often not the best quality material to date events 
beyond 30,000 years BP (Bowler and Wasson, 1983; Bowler pers comm, 1986). 
Charcoal has a remarkable capacity to adsorb mobile organic compounds from the 
environment, an ability which forms the basis for its use in many water filtration systems. 
An additional factor is the common mis-identification of 'black organic-rich material' as 
charcoal. Many dated samples, reported as charcoal, are probably fine-grained mixtures 
of sediment and original charcoal (or partially carbonised plant material) which contain a 
complex admixture of organic compounds. The high surface area of such fine-grained 
material is an ideal situation for exchange with soil and groundwater organic compounds 
(Bowler, pers comm, 1986) . The ability of many humic compounds to act as extremely 
strong dyes produces the very black colour of these materials. The widespread acceptance 
of charcoal as reliable material for radiocarbon dating stems from the fact that standard 
acid and alkali pretreatment regimes can successfully remove most of this adsorbed 
organic contamination. However, successively more rigorous pretreatment regimes almost 
invariably result in a succession of different ages, thereby demonstrating the persistence of 
low levels of contamination (Gillespie et al, 1991, 1992; Magee et al 1995). These low 
levels of residual contamination are usually not significant for younger ages (<20,000 
years) but become more significant as the sample becomes older and are critically 
important in dates over 30-35,000 years BP. Significant contamination can even survive 
standard pretreatment regimes in younger charcoal. Gillespie et al (1992) AMS dated a 
suite of mid to late Holocene charcoal samples from Wangrah Creek, NSW, after a rigorous 
pretreatment regime. They obtained ages significantly older than a prior series of 
radiometric determinations on samples which had received standard acid/ alkali 
pretreatment. 
Bowler (1986, pers comm.) recognised that many of the organic radiocarbon samples, 
obtained from both archaeological and geological settings in the Willandra Lakes, semi-arid 
NSW, and usually identified as charcoal, are dominantly humic stained sediment. When 
ages obtained from samples of this organic material are paired with ages from shell, fish 
otolith or eggshell samples, the organic dates show a wide variety of ages, dependent on 
the pretreatment regime and the fraction dated, and are invariably younger than the 
carbonate pair. Charcoal/ organic dates from the Willandra lakes are too young because of 
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the failure of pretreatment techniques to remove organic contamination. An intensive 
study using conventional and AMS dating techniques (Head and Gillespie, pers comm) has 
not resulted in a pretreatment regime which can resolve this problem. 
In the Meltzer and Mead (1985) criteria, mollusc shells are rated amongst the least reliable 
materials, owing to carbon-reservoir problems in marine and hard-water lakes and to 
contamination problems during recrystallisation of aragonitic shells. This commonly stated 
assessment does not hold true for most lacustrine molluscs in Australia where hard-water 
reservoir problems are rare. Bowler and Wasson (1983) report reliable dates from 
Willandra Lakes shells, which show minimal evidence of recrystallisation (100% aragonite 
in XRD analysis), and produce ages which are stratigraphically consistent and older than 
stratigraphically equivalent organic material/ charcoal. Recent TL dating (Oysten, 1996; 
Bowler and Price, 1997) and OSL dating (Spooner, pers comm) of sediment at equivalent 
levels has confirmed the reliability of the Wilfandra shell dates. Gillespie (pers comm) has 
established that fish otoliths and bird eggshell, at the Willandra Lakes, also provide 
radiocarbon ages which are stratigraphically consistent, older than coeval organic 
material/ charcoal and agree with ages obtained from unionid shells. Miller et al (1997) 
report an extensive suite of radiocarbon ages from emu and Genyornis eggshell, from Lake 
Eyre, Lake Victoria and the Willandra Lakes, and demonstrate that the use of AMS 
radiocarbon techniques, which allow careful physical and chemical pretreatment, can 
produce reliable ages to close to 40,000 years BP. 
The evidence detailed above strongly suggests that for dating events at or beyond 30-
35,000 years BP charcoal is not the most reliable material and is inferior, in arid and semi-
arid Australia, to carbonate samples, such as mollusc shells, fish otoliths and bird eggshell. 
Allen and Holdaway (1995) assembled a large data set of radiocarbon dates from both 
archaeological and non-archaeological sites in Australia and the oldest charcoal dates are 
essentially the same for both data sets (""39,500 years BP) with an asymptote for charcoal 
at something around 35,000 years BP. This asymptote is considerably lower than those 
suggested by Chappell et al (1996) for some other materials at specific sites, such as 
40,000 years BP for Tridacna (giant clam) shells in New Guinea, 45,000 years BP for pollen 
from lake sediment at Lake Eyre and 50,000 years BP for wood from coastal New South 
Wales and Pulbeena Swamp, Tasmania. 
In summary, unless detailed and systematic methods of detection and removal of small 
levels of contamination have been carried out, all radiocarbon dates of around 35,000 
years BP or older must be regarded as minimum dates and the real age of such material 
may be much greater. Recent improvements in the detection and measurement of 14C 
abundance indicate that age determinations of 60,000 or 70,000 years BP are technically 
possible, but these have not been reliably achieved.· There seems little doubt that sample 
contamination is the limiting factor for radiocarbon dating rather than the ability to 
measure low 14C abundance. The paucity of dates significantly beyond 35,000 BP, both 
from archaeological and non-archaeological sites almost certainly reflects this 
col}tamination barrier. 
A2.2.2 Conventional radiometric measurement of radiocarbon 
Conventional radiocarbon measurements are made by radiometric detection and counting 
of beta particles, emitted when 14C decays radioactively. Measurements are made in gas-
proportional or liquid-scintillation counters and require 1-5 gm of carbon and measurement 
for 1-3 days. The ·background for radiometric measurement results from natural 
radioactivity and cosmic radiation which produce counts in the detector which cannot be 
distinguished from the counts coming from the sample (Litherland and Beukens, 1995). 
This background can be minimised by shielding the detector from cosmic radiation and by 
minimising radioactive material in the detector. Most radiocarbon dates are obtained from 
compounds which are not pure carbon and significant quantities of sample are consumed 
by pretreatment processes. Thus considerably more than 1-5 gm is required for the original 
sample and Gillespie (1986) suggests 10-20 gm for dry wood, 50-100 gm for shell, and 
100-500 gm for bone. 
Lab. No. Age Material dated Site 
years BP 
39,200±1300 Coxiella/Coxiellada Shelly Point 
CS472 24,000 +300 I -290 Coxiella/Coxiellada Morris Creek 
CS473 35,ooo + 1150 I -1000 Corbiculina (?) Morris Creek 
CS474 26,200 + 1050 I -950 Cox ie lla/C oxi e 11 ada Snake Dam 
and Corbiculina (?) 
33,700 ± 1000 Coxiella/Coxiellada Illusion Plain 
and Corbiculina (?) 
> 40,000 Coxiella/Coxiellada Illusion Plain 
- and Corbiculina (?) 
GX1872 24,100 ± 1600 Bone carbonate Lookout 
ANU 3540 37,700 ± 1300 Gem;ornis eggshell Williams Point 
SUA 1612 >32,000 Emu eggshell Tirari Desert 
SUA 1611 19,900 ± 240 Emu eggshell Tirari Desert 
ANU 3705 12,500 ± 710 Emu eggshell Madigan Gulf NE 
ANU 3706 34.670 + 1100 I -950 Genyornis eggshell Tirari Desert 
ANU 3707 40,040+17601-1450 Emu eggshell Tirari Desert 
ANU 4176 >25,000 Emu eggshell Tirari Desert 
ANU 4177 9,880±110 Emu eggshell Tirari Desert 
ANU 4228 5,690 ± 90 Emu eggshell Tirari Desert 
ANU 4229 21,630 ± 620 Corbiculina Tirari Desert 
ANU 4298 11,600 ± 210 Pedogenic carbonate Tirari Desert 
ANU 6577 28,870 ± 910 Emu eggshell Tirari Desert 
ANU 6575 46,100 +20001-1600 Wood cellulose Punkrakadarinna 
ANU 6575 40,800±1100 Unionid shell Punkrakadarinna 
CS477 Modem Charcoal Tirari Desert 
cs 794 Background Genvornis eggshell L Hydra 
WK 1509 11,830 ± 320 Hearth charcoal Cooper Ck 
WK 1510 11,770 ± 320 Hearth charcoal Cooper Ck 
TABLE A2.2. Conventional radiometric radiocarbon 
dates form the Lake Eyre region Lake Eyre. 
Reference 
King (1956); Johns and 
Ludbrook (1963) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Nanson et al (In press) 
Nanson et al (In press) 
Twidale (1972) 
Magee et al (1995) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Wells and Callen (1986) 
Head (pers comm) 
Head (pers comm) 
Head (pers comm) 
Head (pers comm) 
Head (pers comm) 
Head (pers comm) 
Head (Pers comm) 
Head (Pers comm) 
Callen & Nanson, 1992 
Callen & Nanson, 1992 
Veth et al. 1990 
Veth et al. 1990 
Table A2.2 lists the conventional radiocarbon dates, obtained during this study and during 
previous studies in the Lake Eyre region. Most are believed to be from samples which are 
too old for the radiocarbon technique, with the exception of some of the longitudinal desert 
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dune eggshell dates and the latest Pleistocene Cooper Creek hearth charcoal. Only eggshell 
from aeolian units and shells from beach coquinas occur in sufficient abundance for 
conventional radiocarbon analyses and both of these sources are almost exclusively older 
than about 50 ka. Younger sediments in the basin, which fall into the range of radiocarbon 
dating, include ephemeral lacustrine and playa deposits, which contain small amounts 
( <1 % ) of organic carbon, and playa-marginal aeolian sediment, which contain occasional 
single pieces of emu eggshell. Neither of these carbon fractions are sufficiently abundant 
for conventional radiocarbon analysis. 
A2.2.3 Accelerator mass spectrometric (AMS) measurement of radiocarbon 
AMS radiocarbon measurements are made using particle accelerators in high-energy mass 
spectrometer systems. Despite the very small mass difference between 14C and 14N they 
can be separated in a negative ion source because the negative ion of carbon is stable and 
the negative ion of nitrogen is unstable (Litherland and Beukens, 1995). Hydrides of 
carbon, such 13CH and 12CH2 molecules, which also have a very similar mass to 14C and 
are much more common, are completely destroyed in a tandem accelerator (Litherland and 
Beukens, 1995). AMS measurement systems require samples in the range of 5 mg to 200 µg 
and a measurement time of up to 1 hour (Gillespie, 1986). Background in AMS systems is 
extremely low because mono-energetic 14C ions are produced which are individually 
identifiable (Litherland and Beukens, 1995). Inter-laboratory comparisons, between AMS 
and radiometric facilities indicate that AMS techniques result in similar measurement 
accuracy to that obtained by radiometric techniques (Litherland and Beukens, 1995). AMS 
facilities are expensive to establish and operate and are relatively few in number by 
comparison with conventional laboratories. However, AMS techniques offer a number of 
advantages including equivalent accuracy and precision from routine measurements; much 
smaller sample size; faster sample measurement; and lower measurement background. 
Sample contamination is normally the limiting factor for radiocarbon dating, as discussed 
above, but the small-sample capability of AMS measurement confers an advantage over 
conventional measurement. Small sample size allows sample selection to target a much 
wider range of materials, and rigorous pretreatment regimes allow separation of the oldest 
constituents even where their concentration is low. At Lake Eyre, these small sample 
advantages have been utilised to date organic carbon in lacustrine sediments and bird 
eggshell in aeolian sediments, neither of which would have been datable by conventional 
techniques. 
A2.2.3.1 AMS dating of organic carbon in lake sediments 
Salt lake sediments in Australia are generally characterised by low carbon content ( <1 %) 
which has restricted previous attempts at dating by conventional radiocarbon techniques, 
to bulk samples with minimal pretreatment (Luly et al, 1986; Bowler et al, 1986). Gillespie 
et al. (1991) reported a series of AMS radiocarbon dates from Core LE 82/2 Lake Eyre 
(Chapter 2) and Lake Tyrrell, Victoria, which utilised rigorous chemical pretreatment 
regimes based on pollen extraction techniques used in the palynology laboratory, Division 
of Archaeology and Natural History, ANU. In this regime samples are reduced in bulk by 
wet sieving through a 180 µm screen then passed through sequential extractions: 
1. Hot 10% HCl to remove soluble salts such as carbonates and gypsum 
2. Hot 10% KOH to extract humic materials 
3. Hot 40% HF to dissolve clays and other silicate minerals 
4. Cold Dilute Shultze solution (10% KCl03 in 35% HN03) and 5% ammonia for 30-60 
minutes to oxidise organic carbon 
5. Acetolysis (9:1 (CH3.C0)20 (acetic anhydride) in concentrated H1S04) to remove 
newly solubilised humic materials 
This regime results in a sample which consists essentially of pollen and micro-charcoal 
(both less than 35 µm). 
In order to further test the efficacy of this regime, and individual steps within the process, 
Gillespie et al. (1991) prepared other samples which varied the sequence as outlined 
above. One sample of a duplicate pair was additionally treated with hot 70% HN03 to 
destroy pollen and other organic debris, leaving only micro-charcoal. In one sample of 
another duplicate pair, the acetolysis step was omitted. In four samples the KOH 
extraction (Step 2) was replaced by cold O.lM NaOH/O.lM Na4P207 and the acetolysis 
(Step 5) was replaced by extraction with 5% NH4 to eliminate organic reagents from the 
process. This last-mentioned modified procedure was also used to process an additional 
date from Core LE 82/2 and four dates from Core LE 83/6 (Chapter 2; Magee et al, 1995) 
w h " h h b bt . d . th d t t db G"ll t 1 (1991) lC ave eeno ame smce e a a repor e >y i esp1e e a 
Lab Sample Dated Age Reference 
No location fraction years BP 
NZA 1612 CoreLE82/2 Pollen and micro-charcoal 2,060 ± 76 Gillespie & Magee 
-15.12 m AHO (unpublished) 
NZA 191 CoreLE82/2 Pollen and micro-charcoal 3,215 ± 240 Gillespie et al (1991) 
-15.12 m AHO 
NZA93 CoreLE82/2 Pollen and micro-charcoal 3,285±190 Gillespie et al (1991) 
-15.4mAHO 
NZA90 CoreLE82/2 Pollen and micro-charcoal 3,390 ±425 Gillespie et al (1991) 
-15.42mAHO 
NZA 485 CoreLE82/2 Micro-charcoal 6,315 ± 95 Gillespie et al (1991) 
-15.6mAHO 
NZA 486 CoreLE82/2 Micro-charcoal 9,780±160 Gillespie et al (1991) 
-15.87mAHO 
NZA 502 CoreLE82/2 Pollen and micro-charcoal 28,300 ± 390 Gillespie et al (1991) 
-17.69mAHO 
NZA 499 CoreLE82/2 Micro-charcoal 29,010 ±400 Gillespie et al (1991) 
-17.69mAHO 
NZA 1650 CoreLE82/6 Pollen and micro-charcoal 34,820 6400 Gillespie & Magee 
-11.2mAHO (unpublished) 
NZA 1651 CoreLE82/2 Humic fraction 46,200 2200 Gillespie & Magee 
-11.2mAHO (unpublished) 
NZA 1652 CoreLE82/2 Humic fraction 44,800 1,800 Gillespie & Magee 
-ll .2mAHO (unpublished) 
NZA 1653 CoreLE82/2 Pollen and micro-charcoal 44,200 1,900 Gillespie & Magee 
-16.8mAHO (unpublished) 
NZA 192 Lake Tyrrell Standard pollen prep. 7,215 270 Gillespie et al (1991) 
NZA 193 Lake Tyrrell Oxidised pollen prep 7,425 445 Gillespie et al (1991) 
Table A2.3. List of AMS 14C organic dates from Lake sediments of Cores LE 82/2 
and LE 82/ 6. Two dates from Lake Tyrrell, discussed in the text, are also listed. 
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The dates reported by Gillespie et al (1991) were stratigraphically consistent and generally 
produced reasonable age/depth relationships. The Lake Tyrrell samples agreed well with 
the prior series of bulk radiometric dates from the same core (Luly et al, 1986), but were 
slightly older as was expected from the more rigorous pretreatment. There was no age 
difference between samples with or without the acetolysis step. Duplicate sample sets, 
with and without the nitric acid treatment, from both Lake Tyrrell and Lake Eyre indicate 
that there is good age agreement between pollen (plus other organic debris) and associated 
micro-charcoal. This is supported by identical h 13C values for each pair, which Gillespie et 
al (1991) interpreted as evidence for similar source and deposition mechanism both pollen 
and fine-grained charcoal. 
The four samples dated from Core LE 83/6 were from a laminated lacustrine clay unit, 
which is known from overlying luminescence, U-series and AAR dates to be at least as old 
as early isotope stage 5 (Chapter 2) . While none of the ages obtained was background, or 
a "greater than" figure, three of the dates (NZA 1651, 1652 and 1653) are all considerably 
beyond 40,000 years BP and suggest that the pretreatment regime has successfully 
removed most of the contamination. However, the fourth date (NZA 1650) is only slightly 
older than 30 ka indicating that in some cases significant quantities of younger 
contamination can survive the pretreatment regime. This suggests that pretreatment 
regimes based on pollen preparations have great potential for providing samples free from 
carbon contamination, as concluded by Gillespie et al (1991), but that further work is still 
required to resolve some anomalous results. 
A2.2.3.2 AMS dating of bird eggshell in aeolian sediments 
Bird eggshell fragments are probably the most abundant terrestrial fossils in aeolian 
sediments throughout much of the Australian arid zone, including the Lake Eyre region, 
and include eggshell of both the ratite emu and the now extinct giant mihirung bird 
Genyornis (Williams, 1981). Beach sediments at Lake Eyre contain occasional Genyornis 
eggshell as well as aquatic bird eggshell, probably from at least two large species, one of 
which is assumed to be pelican (Appendix 1) Eggshell fragments can be used to establish 
a reliable AMS radiocarbon chronology for deposits younger than about 40,000 years BP. 
Avian eggshell has previously been found to be a remarkably closed chemical system and 
excellent material for conventional radiocarbon dating (Williams, 1981). G.H. Miller of the 
University of Colorado, Boulder, has undertaken an extensive program of AMS 
radiocarbon dating of eggshell, particularly emu, in the Lake Eyre region as part of a 
calibration program for an AAR dating study. The AAR chronology and 
palaeoenvironmental inferences drawn from stable isotopic analyses of eggshell are part of 
a broader palaeoenvironmental study, in Central and Northern Australia, which has been 
closely associated with this thesis project. Many of the eggshell samples analysed are from 
sites used for this study and Miller has made the full data set available, to help provide 
chronological information for the stratigraphic sections. Many of these dates were recently 
published in a study which utilised the temperature-dependent AAR reaction in calibrated 
radiocarbon dated eggshells to reconstruct palaeotemperatures in the Lake Eyre region over 
the past 45 ka (Miller et al, 1997). 
The small sample requirements of the AMS technique have enabled the removal of possible 
contamination in the eggshell samples by a rigorous pretreatment regime, which is 
described by Miller et al (1997) . Mechanical cleaning to remove adhering sediment and any 
secondary carbonate, was followed by the removal of 50-90% of the remaining mass by 
stoichiometric addition of ~M HCl to remove external contamination by younger carbon. 
For samples expected, on stratigraphic grounds, to be older than 30 ka, 90 % of the mass 
was leached and the cleaned samples were stored under inert gas to minimise the 
possibility of diffusional exchange of carbon with the calcite crystals. The ages obtained 
by AMS dating eggshell samples, pretreated in this manner, are listed in Table A2.4, which 
also includes a small number of AMS dates on other material. The reliability of eggshell 
radiocarbon ages following this pretreatment is supported by results from samples of 
Genyornis and emu eggshell dated from the Williams Point aeolian unit. Based on TL and 
TIMS U /Th determinations this unit is 50 to 60 ka in age (Section 2.5.1.3). The youngest 
radiocarbon age from the unit is 36,000 years BP; indicating that surviving 14C 
contamination may be about 1 %. Most of the ages from the Williams Point aeolian unit are 
considerably older than 36,000 years BP, including a number of background 
determinations, suggesting that, in most cases, contamination levels much less than 1 % 
survive the pretreatment. Contamination at these levels indicates that ages below 30,000 
years BP are likely to be reliable. Miller et al (in prep) have suggested, from a comparison 
of radiocarbon ages from emu and Genyornis eggshell from the Williams Point aeolian unit, 
that emu eggshell more closely approximates a closed system for carbon exchange but no 
explanation is known for this observation. 
Emus are known to ingest stones which are held within the gut as gizzard stones and 
Williams (1981) suggested the likelihood that Genyornis exhibited the same behaviour. 
Williams (1981) also suggested that if the birds ingested limestone gizzard stones there 
was the possibility of incorporation of old carbonate, depleted in 14C, into the eggshell. 
He suggested this mechanism as an explanation for a radiocarbon age of 560 70 years BP 
(SUA 1069) from a modern emu eggshell from the South Australian Museum. However, 
Miller et al (1997) report that an eggshell laid in 1991, in the Lake Eyre region, had a 14C 
activity consistent with the 1991 atmosphere (AA 15142) and an eggshell collected from a 
nest in 1897 gave a radiocarbon age of 105 75 years BP (AA 16395); results which 
indicate negligible uptake of old carbon during calcification of the eggshell 
A2.3 LUMINESCENCE DATING OF SEDIMENTS 
There have been several recent reviews of luminescence dating of sediment including Aitken 
(1985, 1994), Wintle and Huntley (1982), Forman (1989) and Berger (1995). The following 
discussion is based on those sources. Luminescence refers to light which is emitted when 
energy stored in the crystal lattice of some minerals is released. The energy stored in the 
crystal is derived from natural environmental radiation which consists of cosmic radiation 
and alpha, beta and gamma radiation from naturally occurring radioactive elements, 40K, 
87Rb plus 238U, 235U and 232Th and their associated decay chains. The energy is stored in 
the crystal when the ionising radiation produces electron and hole pairs which diffuse 
through the crystal until and they become lodged in defects in the lattice, which are termed 
electron or hole traps. While the crystal remains subject to ionising radiation the amount of 
energy, stored as trapped electrons and holes (charges), 
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MATERIAL 14C LAB. ID AGE SITE 
DATED years BP S 13c 'Yoo 
Fmu AA-10232 11,875±115 South east of Goyder Channel 
Fmu AA-10234 10,070±90 3 km north west of Williams Point 
Fmu AA-10237 >39,700 Williams Point, main capping dune 
Emu AA-10239 9,520±80 Lake Mulapula 
Fmu AA-12611 1,405±65 Madigan Gulf 
Fmu AA-12612 2,985±85 Madigan Gulf 
Emu AA-12613 7,525±80 Kutjitara West Bluff 
Fmu AA-12614 13,880±190 Kutjitara West Bluff 
Fmu AA-12615 18,450±165 Madigan Gulf 
Fmu AA-12616 1,770±60 Madigan Gulf south west shore 
Emu AA-12617 6,175±75 Tirari Desert dunefield south 
Fmu AA-12618 1,565±50 West of Williams Point 
Fmu AA-12620 post-bomb Muloorina, Crow's Nest Bore 
Fmu AA-13040 23,015±210 AA-13040 
Fmu AA-13041 24,055±245 Shelly Island 
Fmu AA-13042 17,25±50 West of Williams Point 
Fmu AA-13044 32,355±570 Williams Point 
Fmu AA-13045 12,425±95 Madigan Gulf north east 
Fmu AA-13046 37,30±55 Madigan Gulf north east 
Fmu AA-13049 16,490±120 Madigan Gulf north east 
Fmu AA-14032 11,370±75 L. Dom Eggshell Beaches Site 
Fmu AA-15134 8,510±70 Bully Sand Hill 
Fmu AA-15135 17,310±125 Madadigan Gulf east shore 
Fmu AA-15141 11,905±90 Lake Clayton North 
Emu AA-15144 9,475±75 Lake Mulapula 
Fmu AA-15145 12,680±125 Lake Clayton North, Site 1 
Fmu AA-15408 8,175±70 Bully Sand Hill 
Fmu AA-15664 7,725±120 Williams Point 
Fmu AA-15665 5,600±80 Hunt Peninsula 
Fmu AA-15666 23,275±325 Williams Point dune 
Fmu AA-15668 4,420±75 Southern Tirari desert dunefield 
Fmu AA-16395 105±75 10.60 Riverine Plain, Murray Basin, 1897 
Fmu AA-16396 20,230±150 11.9 Madigan Gulf, north east 
Fmu AA-16397 9,635 ± 65 11.20 Fly Lake, upper dune 
Fmu AA-17269 11,390±105 10.9 L. Dom Eggshell Beaches Site 
Fmu AA-17272 31,720±490 10.1 Williams Point, base of gypsum 
Fmu AA-17273 33,035±705 .10.0 Williams Point, base of gypsum 
Fmu AA-17274 11,850±120 11.7 Hunt Peninsula south 
Fmu AA-17275 30,605±435 10.7 Williams Point, uppermost in dune 
Fmu AA-17276 24,835±240 13.0 Kutjitara West Bluff 
Fmu AA-19005 20,660±265 11.3 Shelly Island 
Fmu AA-19006 26,750±475 13.4 Shelly Island 
Fmu AA-19007 43 ,500±3800 7.8 Eric Island, aeolian unit 
Fmu AA-19011 29,440±640 10.7 Madigan Gulf south east coast 
Fmu AA-19012 1,620±50 12.7 Shore opposite Eric Island 
Fmu AA-19013 12,480±110 11.2 Shore opposite Eric Island 
Fmu AA-19014 27,345±530 12.0 Williams Point, whole egg, capping 
dune 
Fmu AA-20881 25,055±280 13.4 Eric Island, main section, 
Fmu AA-20882 >41,650 14.6 Kutjitara West Bluff 
Fmu AA-20883 >37,240 4.9 William's Point, top of gypsum layer 
Fmu AA-20884 32,990±550 9.8 William's Point, lm below gypsum base 
Fmu AA-20885 34,600±1900 9.4 William's Point, lm below gypsum base 
Fmu AA-20886 38,760±2320 13.6 Madigan Gulf, north east 
Fmu AA-20887 12,275±150 10.0 Tick Cove North 
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Fmu AA-20889 33,455±580 9.9 Williams Point 
Fmu AA-20891 42,600±1650 4.2 Williams Point 2rn above Coxiella 
beach 
Fmu AA-20892 23,430±215 9.6 Bully Sand Hill 
Fmu AA-20893 1-2,440±90 10.2 Tick Cove North, corner site, 
Fmu AA-20894 11,300±85 12.7 Tick Cove North 
Fmu AA-20896 24,030±245 13.8 Shelly Is 
Fmu AA-20897 10,370±85 11.4 Eric Is., main section 
Fmu AA-20985 43,400±1900 4.7 Williams Point, top of capping dune 
Fmu AA-22885 39,585±1190 3.3 Hunt Peninsula, west side, GN site 
Fmu AA-22886 34,815±765 8.1 Hunt Peninsula, west side, GN site 
Fmu AA-22887 23,615±210 12.4 Hunt Peninsula, west side, Ankle site 
Fmu AA-22888 23,720±245 11.9 Hunt Peninsula, west side, Ankle site 
Fmu AA-22889 25,705±350 10.4 Babbage Peninsula, camel canyon 
Fmu AA-22890 20,915±155 9.2 Babbage Peninsula, camel canyon 
Fmu AA-22891 10,620±70 10.3 Babbage Peninsula, camel canyon 
Emu AA-22892 1,145±45 10.3 Babbage Peninsula, camel canyon 
Fmu AA-22893 26,195±245 8 Babbage Peninsula, camel canyon 
Fmu AA-22894 25,680±230 8.4 Babbage Peninsula, camel canyon 
Fmu AA-22895 23,315±180 10.7 Babbage Peninsula, camel canyon 
Fmu AA-22899 18,405±115 11.0 Fly Lake; N of main upper pit site 
Fmu AA-22903 11,400±70 12.1 Ankle site north, SIU surface 
Fmu AA-22904 42,970±1800 6.5 GN site, abundant in WPAU 
Fmu AA-22905 23,585±190 12.5 Ankle site, Heel Bay section SIU 
Fmu AA-23256 27,625±325 10.3 Shelly Island, west side, 
Fmu AA-15142 Frn:l.1860±0.0073 Warburton via Dulkaninna Station 
Fmu 11,810±110 Babbage Peninsula, camel canyon 
Fmu 12,555 ± 80 Tirari Desert dunefield 
Fmu 12,220±155 Tirari Desert dunefield 
Fmu AA-25255 22,220 ±180 14.61 Bluebird Island 
Fmu AA-25256 27,500 ± 290 11.5 Bluebird Island 
Gem;ornis AA-15667 34,800±755 Williams Point, top of capping dune 
Gem;ornis AA-13043 39,740±1400 Williams Point 
Gem;ornis AA-16398 34,275±715 3.6 Williams Point dune 
Genyornis AA-17271 36,700±960 6.6 Williams Point lrn above Coxiella 
beach 
Genvornis AA-4248 40,740±2100 Williams Point, below gypsum 
Non-ratite AA-22896 2,525±40 3.0 Eric Island, main section 
Non-ratite AA-22897 38,400±1000 1.6 Eric Island, main section 
Non-ratite AA-19009 >46,100 6.4 Harnbridge Point, -3rn AHO beach 
Non-ratite AA-19010 >44,400 6.4 Harnbridge Point, -3rn AHO beach 
Non-ratite AA-20888 37,870±1000 2.6 Eric Island, main section 
Coxiella CAMS-9209 35,210±500 5.0 Willow Bay, -lOrn AHO beach 
Coxiella AA-15136 22,775±305 Hunt Peninsula 
Coxiella AA-15137 28,395±425 Hunt Peninsula 
Coxiella AA-22898 Frn:l .3704±0.0060 7.7 E. Madigan Gulf, entry to L. Dorn 
Coxiella AA-19687 Frn:l.3416±0.0082 6.1 Hunt Peninsula, east coast 
Table A2.4. AMS 14C radiocarbon dates from the Lake Eyre region. 
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rises until the crystal eventually reaches a state of saturation when it can no longer 
accumulate trapped charges and the amount of stored energy does not increase further 
with time. If the trapped charges are released they can diffuse through the lattice until they 
encounter and combine with an opposite charge, thereby releasing luminescence. The 
energy can be released by h~ating -the crystal, with the luminescence produced termed 
thermoluminescence (TL) . A portion of the energy can be released by exposing the crystal 
to visible light (optically stimulated luminescence or OSL) or to infra-red light (infra-red 
stimulated luminescence or IRSL, in the case of feldspar). If the energy of the crystal is 
released, by heating or exposure to sunlight, the crystal is said to have been bleached or 
zeroed and it then begins to re-accumulate energy from zero or a reduced level depending on 
the effectiveness of the bleaching process. Heating will release all the trapped charges, 
prolonged (> 8 hr) exposure to UV light will release many charges and exposure to visible 
light will only release those in light-sensitive traps. 
It is the time-dependent nature of the accumulation of energy in a crystal which enables it 
to be used for dating. The rate at which particular crystals accumulate energy varies 
according to the nature of the crystal lattice and its defects. If that rate and the intensity 
of environmental radiation a crystal is subject to are both known, the time elapsed since 
the last zeroing event can be calculated by measuring the amount of stored energy in the 
crystal, which is determined by measuring the quantity of luminescence emitted when the 
trapped charges are released. For thermoluminescence dating, the trapped charges are 
released by heating, and released by exposure to light in optical dating. 
The palaeodose stored in the sample is determined by comparing the natural luminescence 
of the sample with the luminescence derived from a series of known laboratory radiation 
doses which are incrementally administered to the sample. These laboratory doses are 
either added to the natural dose (additive dose method) or administered to the sample 
after it has been zeroed in the laboratory (regeneration method). 
The environmental radiation dose rate received by the sample can be measured by 
scintillometry, in the field or laboratory, or calculated from determinations of the 
abundance of the radioisotopes. The contribution to the dose from cosmic rays is 
calculated, and relies on knowledge of the burial depth, altitude, latitude and longitude of 
the sample. There are a number of complications which can arise when using this 
information to estimate the environmental dose rate: 
1. Disequilibrium in U and Th decay chains: Calculation of the dose contribution from 
the abundance of U and Th assumes that the decay chains of those isotopes have 
remained in equilibrium through the dosing period and, if this is not the case, the 
dose rate will have varied through time. Disequilibrium can result from the processes 
which produced, transported and deposited the sediment particles in the deposit or 
be caused by post-depositional changes in meteoric-water leaching or groundwater 
interaction (Olley et al, 1996). Disequilibrium is especially likely for the 238U decay 
chain where a number of the daughter isotopes have relatively long half-lives. Olley 
et al (1996) used laboratory high-resolution gamma spectrometry with germanium 
detectors to determine the concentration of parents and daughters in the decay chain, 
thus allowing an assessment of the degree of disequilibrium. In a study of a number 
of NSW fluvial sediments they found disequilibrium values mostly less than 20%, 
which would result in small (<3%) errors in dose estimation, and rarely more than 
50%, which would result in an 8% error in dose estimation. 
2. Gamma dose in variable stratigraphy: Variations in sediment stratigraphy can 
complicate the environmental dose rate estimation, particularly for gamma radiation 
which can penetrate 30-40 cm through sediment. Radioactive element abundance is 
normally determined from a portion of the dating sample and/ or from an additional 
duplicate bulk sample. If the lithology of the sample site is not uniform, in a sphere 
of 60-70 cm diameter surrounding the sample location, the analyses may not 
accurately reflect the gamma dose rate received by the sample. In situ field gamma 
spectrometry is the preferred method to overcome this problem, where dates are 
required from stratigraphic sections which lack units of suitable sediment in which 
the lithology is uniform over 60-70 cm thickness. 
3. Variation in water content: Ionising radiation from radioactive decay is attenuated 
by the presence of water in the sediment, with the degree of attenuation directly 
dependent on the degree of water saturation of the sediment. The water content of 
the sample is determined and an appropriate correction applied to the dose 
estimation. Problems arise when the water content, at the time of sampling, is not 
typical of conditions which have existed throughout the dosing period. Many 
luminescent dating samples are tens to hundreds of thousands of years in age, which 
covers a period of major changes of climate and groundwater hydrology. Thus 
samples close to the surface may have been subject to variations in meteoric water 
content due to variations in rainfall and deeper samples may lie in a zone of 
fluctuating perched or regional groundwater. 
4. Self-dosing: Alpha radiation penetrates only a few microns depth into quartz grains 
and its impact on the dose rate is discounted by etching the outer layer of the quartz 
grains with HF, in the sample pretreatment process. However, accessory mineral 
inclusions within the quartz crystal can contain small amounts of U and Th, which 
both produce abundant alpha radiation. This U and Th will be measured as part of 
the abundance of the bulk sample element analysis but, unlike the U and Th external 
to the crystals, its self-dosing effect on the crystals will not be removed by surface 
etching. Normally the U and Th abundance in quartz is much lower than most 
sediments and the self-dosing component is relatively trivial and a small percentage 
correction is added to the dose. In samples with very low total environmental dose 
rates, which may be very quartz-rich, the self-dosing component can become a 
significant proportion of the dose and must be determined. This can be achieved, by 
analysing the pure, etched quartz sample actually measured for luminescence, after 
chemical, heavy liquid and HF treatment, and comparing the U and Th abundance 
with that of the raw bulk sample. 
5. Burial depth: Burial depth is the most important variable which affects the amount 
of cosmic radiation received by a sample, with rapid attenuation in the first 1-2 m 
and much slower attenuation with increasing depth. If erosional disconformities 
occur above a sample there may be uncertainties as to its burial history. This can be 
significant for the cosmic ray component if it has altered burial depth in the range 0-2 
m and significant for the total dose if the abundance of radioactive elements in the 
sediment is very low, therefore increasing the relative contribution of the cosmic ray 
component. 
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A2.3.1 Thermoluminescence dating 
TL dating was first developed during the late 1950's and the 1960's to date fired materials, 
particularly pottery and ceramics . ~ut also some sediments heated in fireplaces (Adams 
and Mortlock, 1974). The potential of the method for dating unheated sediment was first 
reported by Russian researchers (Shelkoplyas and Morozov, 1966; Dreimanis et al, 1978) 
but it was not till Wintle and Huntley (1979) reported a TL signal from detrital grains in a 
marine core, which must have been zeroed by sunlight that sediment dating by TL really 
began. Since that time considerable advances have been made in the measurement of the 
palaeodose and the estimation of environmental dose rate but the single biggest problem, 
for TL sediment dating, is the effectiveness of bleaching or zeroing which occurred at the 
time of the event being measured. Spooner et al (1988) and Spooner (1994) have 
demonstrated that the 375° and 480° TL peaks are difficult to bleach in sunlight, requiring 
prolonged exposure to UV for significant zeroing to occur. Only sediments deposited in 
aeolian environments are likely to have sufficient exposure to UV light for these TL peaks 
to be fully bleached. UV light is rapidly attenuated in water, leading to considerable 
uncertainties concerning the amount of unbleached or residual TL signal in water-deposited 
sediments, particularly when the water depth and turbidity are themselves uncertain. One 
way of correcting for the residual TL is to measure the TL of a modern analogue sediment 
and subtract this value from the natural TL of the sample to be dated. This approach was 
not possible for the TL samples from the Lake Eyre Quaternary sequence, dated for this 
study, as equivalent environments do not exist in the region today. Residual TL affects the 
potential accuracy of TL dates and because the effect is independent of age it is much 
more significant for younger samples. For instance, a residual TL level of 5 ka is relatively 
insignificant in a sample 120 ka in age, but the same residual level would render a 
Holocene date virtually useless. This factor provides a limit to the effective use of TL for 
dating young sediments. 
The TL ages cited in this study are listed in Table A2.5. Two of the ages (W 1123 and 
W1124) were done specifically for this project and the others are from Nanson et al (In 
press); Nanson and Callen (1992) and Nanson, unpublished data (pers comm, 1991) All 
were performed at the Wollongong University TL dating laboratory on the 375° TL peak by 
the combined additive/regenerative technique, as developed by Readhead (1988), and the 
methods used are detailed by Nanson et al (1991). Samples are sieved to separate the 90-
125 µm size fraction which is chemically cleansed, HF etched and subjected to heavy liquid 
separation. Multiple aliquots of the purified and etched quartz are deposited onto 
aluminium discs and regenerative and additive TL growth curves constructed from the 
luminescence measured during heating the discs to 500°C under controlled conditions. The 
naturally accumulated dose is computed by reference to the combined 
additive/regenerative growth curves. The U and Th contents are measured by thick source 
alpha counting and the K content by X-ray fluorescence analysis and the environmental 
dose calculated from these results. 
As mentioned above, considerable doubt has been raised about the efficacy of sunlight 
bleaching of the 375° TL peak (except in> 8 hrs exposure), and the techniques employed 
at the Wollongong TL laboratory have been criticised when applied to situations where 
Lab. No. Age (ka) Site Reference 
w 803 116.7±13.9 S of Tilla Tilla WH, Cooper Ck Callen and N anson 1992 
w 804 220.4 ±27.3 S of Tilla Tilla WH, Cooper Ck Callen and Nanson 1992 
w 805 >400 S of Tilla Tilla WH, Cooper Ck Callen and N anson 1992 
w 806 32.5 ± 3 Cuttupirra WH, Cooper Ck Callen and Nanson 1992 
w 807 115.3±18.5 Cuttupirra WH, Cooper Ck Callen and Nanson 1992 
w 808 114.7±15 Cuttupirra WH, Cooper Ck Callen and Nanson 1992 
w 809 >440 Lennys Island, L Hydra Callen and Nanson 1992 
w 810 >320 Lennys Island, L Hydra Callen and Nanson 1992 
w 811 >290 Eli Hartig Soak, Cooper Ck Callen and N anson 1992 
w 812 108 ± 9.9 Eli Hartig Soak, Cooper Ck Callen and Nanson 1992 
w 813 132.1±23.3 Pirranna WH, Cooper Ck Callen and Nanson 1992 
w 814 101.3 ± 12.9 Pirranna WH, Cooper Ck Callen and Nanson 1992 
w 959 >295 Billicorinna Nanson, Pers Comm 
w 960 103±11 Lookout Site, Warburton Ck Nanson, Pers Comm 
w 961 19±1.4 Lookout Site, Warburton Ck Nanson, Pers Comm 
w 962 90.8 ± 9.3 Lookout Site, Warburton Ck Nanson, Pers Comm 
w 963 >137 Lookout Site, Warburton Ck Nanson, Pers Comm 
w 964 >323 Lookout Site, Warburton Ck Nanson, Pers Comm 
w 965 75.6 ± 7 Wood Site, Punkrakadarinna Nanson, Pers Comm 
w 966 63 ±4.6 Wood Site, Punkrakadarinna Nanson, Pers Comm 
w 967 21.6±1.6 Wood Site, Punkrakadarinna Nanson, Pers Comm 
w 968 24.l ± 1.7 Wood Site, Punkrakadarinna Nanson, Pers Comm 
w 969 64.9 ± 5 Wood Site, Punkrakadarinna Nanson, Pers Comm 
w 970 >150 Pollen Site, Punkrakadarinna Nanson, Pers Comm 
w 971 106±14 Toolapinna, Warburton Ck Nanson, Pers Comm 
w 972 152 ± 53 Toolapinna, Warburton Ck Nanson, Pers Comm 
w 1123 92.3 ± 6.7 Williams Point Magee et al., 1995 
w 1124 49.1±3.3 Williams Point Magee et al., 1995 
w 1444 140±11 Wood Site, Punkrakadarinna Nanson, Pers Comm 
TABLE A2.5. Thermoluminescence ages produced in the 
Wollongong University TL Laboratory, from the Lake Eyre region. 
prolonged exposure to UV light is unlikely, and in some situations found to be in error 
(Spooner, in press). As most of the TL ages listed in Table A2.5 are from water-deposited 
sediment, mostly as fluvial bedload, there is a strong possibility of problems with age 
overestimation due to residual TL signal in the samples. However, with the exception of 
some of the TL ages from beach ridge sediments (see Chapter 5), most of the water-
deposited TL samples, from both lacustrine and fluvial environments, form sensible 
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stratigraphic sequences and agree with other dating methods where there are inter-
comparisons. This suggests that most water-laid sediments at Lake Eyre receive sufficient 
UV exposure to effectively zero the 375° TL peak, despite the well documented problems 
which are inherent in that process. This is probably due to a combination of highly 
variable river flow regimes anc:f a prevalence of strong sunlight conditions over time periods 
which are long relative to the lifetime of the 375° TL peak in sunlight (Spooner, pers 
comm). The anomalous ages for beach ridge sediments are younger than ages indicated by 
other techniques and are believed to be due to contamination of the sediment with younger 
quartz, rather than due to insufficient bleaching which would result in ages older than 
expected (Chapter 5). 
A2.3.2 Optical dating 
Optical dating was first introduced by Huntley et al (1985) who used green laser light to 
stimulate luminescence in unheated sediments; the subsequent development of the 
technique is reviewed by Aitken (1994). Optical dating is an improved method for dating 
unheated sediments because the OSL signal is derived only from the light-sensitive traps. 
Unlike the hard-to-bleach 375° TL peak, Spooner et al (1988) found that the 325° TL peak, 
which has been identified as the source of the OSL dating signal (Spooner, 1994), is easily 
bleached, requiring only several seconds of exposure to visible light. This solves the major 
difficulty inherent in TL dating of unheated sediments, by ensuring that there is no residual 
OSL signal, even for water-laid sediment as, unlike UV light, there is minimal attenuation 
of visible light in water. The lack of residual signal in OSL samples results in ages which 
are of greater accuracy than for TL and enables optical dating to be applied to much 
younger samples. Spooner et al (in press) have suggested that advantages over TL inherent 
in optical dating include better aliquot normalisation by short shines and the use of 
repeated measurements on the same aliquots. These improvements combine with the 
greater amount of luminescence signal in OSL compared to TL (due to lower thermal 
quenching of the trapped charge recombination centres at the lower measurement 
temperatures used in OSL) to improve the precision of OSL dates compared to TL. 
Because of these advantages, optical dating is the preferred method in the ANU 
Luminescence Dating Laboratory (LDL) and has been used to date 31 samples in this 
study, which are listed in Table A2.6. The ANU LDL is directed by Dr N Spooner who 
supervised all stages of the optical dating, and in association with Ms D Questiaux, 
processed the growth curve data and radioisotope analytic data and produced the dates. 
I did the bulk of the sample preparation and some loading of sample discs. Mr N Hill, of 
the LDL, did the HF-etching and heavy-liquid-separation, sample-preparation steps, 
loaded many of the sample discs and processed many of the samples for irradiation and 
OSL growth curve measurement. 
A2.3.2.1 Field sampling and sample pretreatment 
All OSL dating samples were obtained from exposures of sediment, in cliffs or pits, in 20-
25 cm lengths of 50-80 mm diameter plastic tubing which were hammered into the selected 
sedimentary unit using a rubber mallet. Duplicate bag samples were taken from the same 
position and in situ gamma dose measurements were made for 24 of the samples with an 
Sample Palaeodose Palaeodose Cosmic- Cosmic- Water Water In situ Dosimetry Dose Dose Age Age 
(Gy) Error (Gy) Ray dose Ray in situ saturation fraction of Methods rate rate (ka) Error 
rate Error % % saturation (Gy/ka) Error (ka) 
(Gy/ka) (Gy/ka) (Gy/ka) 
KWB2 > 200 (sat.) - 0.106 0.016 0.7% 24.4% 0.027 Ge-gam. spec. 0.585 0.038 > 350 
-
KWB4 101.0 5.6 0.077 0.011 1.7% 27.0% 0.070 Ge-1rnm. soec. 0.830 0.040 121. 7 9.0 
KWB6 57.5 4.2 0.092 0.014 1.7% 27.0% 0.070 Ge-gam. soec. 0.547 0.029 105.1 9.5 
KWB9 73.0 2.6 0.107 0.016 1.7% 26.6% 0.065 Ge-gam. spec. 0.765 0.039 95.5 6.0 
KWB IO 76.4 4.6 0.078 0.013 1.9% 28.0% 0.070 Ge-gam. spec. 1.000 0.042 76.4 5.6 
KWBll 92.0 7.3 0.093 0.014 1.9% 27.8% 0.070 Ge-1rnm. soec. 1.363 0.057 67 .5 6.0 
KWB 13 32.9 1.4 0.120 0.018 2.5% 29.0% 0.086 Ge-gam. soec. 0.970 0.045 33.9 2.1 
KWB 17 147.8 15.6 0.145 0.022 1.7% 27.0% 0.070 Ge-gam. spec. 0.658 0.038 224.5 27 .0 
WmPt6 99.7 5.2 0.108 0.016 1.6% 26.7% 0.060 DNA/NAA, XRF 1.157 0.043 86.2 5.5 
WmPt7 78.3 4 .7 0.098 0.015 3.5% 31.8% 0.112 DNA/NAA, XRF 1.241 0.046 63.1 4.5 
WmPt 10 109.0 9.4 0.081 0.012 2.9% 29.7% 0.097 Ge-gam. spec. 1.192 0.052 91.4 8.8 
WM Pt II 84.9 4.2 0.090 0.014 9.2% 31.5% 0.292 Ge-1rnm. soec. 1.348 0.077 63.0 4.7 
WmPt 13 64.8 3.4 0.090 0.014 4.0% - - Ge-gam. spec. 1.319 0.075 49.1 3.8 
Punkra 2 64.0 5.7 0.090 0.014 1.6% 25.0% 0.064 DNAINAA, XRF 0.712 0.029 89.9 8.8 
Punkra 6 98.6 8.2 0.121 0.018 3.9% 26.4% 0.150 Ge-1rnm. soec. 0.893 0.046 110.4 10.8 
Punkra 8 162.0 12.7 0.131 0.020 4.6% 23 .0% 0.199 Ge-gam. soec. 1.261 0.059 128.5 11. 7 
LDom I 156.0 8.0 0.163 0.024 2.5% 22.3% 0.112 Ge-1rnm. soec. 1.382 0.074 112.9 8.4 
LDom6 70.8 3.4 0.158 0.024 9.0% 25.3% 0.356 Ge-gam. soec. 1.401 0.105 50.5 4.5 
LDom8 94 .6 5.4 0.159 0.024 1.3% 19.2% 0.066 DNA/NAA, XRF 0.832 0.037 113.7 8.3 
LDom4 119.0 17.1 0.117 O.Ql8 0.7% 25.9% 0.027 Ge-1rnm. soec. 0.684 0.037 174.1 26.6 
LDom9 65.1 4 .6 0. 151 0.023 1.6% 23.8% 0.068 DNA/NAA, XRF 0.726 0.046 89.7 8.5 
Dul 1 31.1 1.4 0.180 0.027 0.7% 28.2% 0.026 Ge-gam. soec. 0.658 0.043 47 .3 3.8 
TBM 9211 I 63.2 4 .2 0.160 0.024 3.4% 17.1% 0.200 Ge-1rnm. soec. 0.750 0.045 84.3 7.6 
TBM 92/1 2 58.2 5.1 0.169 0.025 3.4% 29.6% 0.113 DNAINAA, XRF 0.755 0.039 77.1 7.9 
WWI 156.0 20.4 0.115 0.01 7 6.2% 32.2% 0.193 Ge-e:am. soec. 0.850 0.043 183.6 25.7 
WW2 104.0 7.5 0.127 0.019 0.9% 24.6% 0.037 Ge-gam. soec. 0.955 0.047 108.9 9 .5 
LO I 178.6 20.5 0.088 0.013 1.2% 14.3% 0.086 DNAINAA, 1.855 0.113 96.3 12.5 
XRF, field-Ram. 
M95 TL! 140.0 20.9 0.180 0.027 13.2% 46.4% 0.284 Ge-Ram. spec. 0.822 0.060 170.3 28 . 3 
M95 TL2 121.0 6.3 0.140 0.021 1.4% 30.0% 0.047 DNA/NAA, XRF 1.043 0.038 116.0 7.4 
M95 TL 3 158.0 20.9 0.158 0.024 5.5% 30.8% 0.179 Ge-J?am. spec. 0.908 0.052 174.0 25.1 
M95 TL5 30.4 1.7 0.130 0.020 3.5% 33.0% 0.107 Ge-e:am. soec. 0.691 0.042 44.0 5.1 
Table A2.6. Optical dates produced in this study. Table includes details of paleodose results and dose rate estimates and errors for both. (;.J 
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Exploranium 256 Gamma Spectrometer. Sample tubes were opened in a light-proof 
laboratory with a low intensity red safe light and about 3-4 cm of sediment from each end 
of the tube was set aside and weighed for oven drying and estimation of the water content. 
The main portion of the sample was pretreated, again under the same safe-light conditions, 
according to the following regime: 
1. Sample treated in 10-20% HCl (overnight) to remove carbonate, gypsum and other 
soluble components. This step also breaks up many of the sample aggregates. 
2. Distilled water washings (3-4) to remove residual HCl, which flocculates clays. 
3. Sample passed through a coarse sieve to remove large gypsum crystals and other 
gravel sized components. 
4. Clays disaggregated by approximately 5-10 gms of NaOH added to 15 cm distilled 
water depth in a 3 litre beaker and stirred in an ultra-sonic bath. After final 
agitation by stirring, sedimentation for 90 seconds allowed all grains coarser than 50 
µm to settle, then the liquid was decanted. This step was repeated till the liquid was 
clear, thus ensuring that all sediment finer than approximately 50 µm had been 
removed. Sample washed in distilled water. 
5. Sample treated in 30% H202 (overnight) to oxidise organic matter. 
6. Sample washed with distilled water, alcohol and acetone. 
7. Sample air-dried at room temperature in a fume hood. 
8. Sample sieved to isolate 90-125 µm fraction. All size fractions retained. 
9. Sample 90-125 µm fraction treated with 30-40% HCl (overnight) to remove any 
residual fine-grained gypsum. 
10. Sample washed with distilled water, alcohol and acetone. 
11. Heavy liquid separation (sodium poly-tungstate, density 2.68; 10 g sample/250 ml 
sodium poly-tungstate) to remove heavy minerals 90-125 µm fraction. Sodium poly-
tungstate is cleaned and reclaimed for reuse. Sample is washed with distilled water, 
alcohol and acetone. 
12. 90-125 µm fraction treated in HF (40 mins) to etch the outer layer of the grains. 
Sample is washed with distilled water, alcohol and acetone. 
13. 90-125 µm fraction washed in HCl to remove fluorides. 
14. 90-125 µm fraction washed in distilled water, alcohol and acetone. 
A2.3.2.2 Palaeodose and environmental dose rate measurement 
Equipment and procedures used in the ANU LDL are summarised from Spooner et al (in 
press). OSL was measured using an Elsec 9010 automated reader which provides visible 
light stimulation using a filtered halogen lamp light source (500 ± 40 nm). UV emissions 
from quartz were detected by an EMI 9235QA photomultiplier shielded with Hoya U-340 
and Schott UG 11 colour glass filters . Laboratory irradiation was administered with an 
Elsec type 9022 irradiator with a 100 mCi ceramic 90Sr j90y beta source. Annealing, by 
heating in a purpose-built oven for 300 seconds at 220°C, followed irradiation. 
In addition to the field gamma spectrometry, a representative 350-400 g sample was 
ground in a large mechanised ring mill and about 230 g was set in a mould in polyester 
resin for germanium gamma spectrometry at CSIRO Division of Land and Water Research. 
The rest of the ground sample was used for radioisotope concentration measurement by 
delayed neutron activation for uranium and neutron activation analysis for potassium and 
thorium (DNA/NAA) at the Australian Nuclear Science and Technology Organisation; by 
induction-coupled plasma mass spectrometry (ICPMS) at the Research School of Earth 
Sciences, ANU; and X-ray fluorescence spectrometry (XRF) at the Department of Geology, 
ANU. 
OSL growth curves were each produced by the multiple disc additive- and regenerative-
dose methods with 64 stainless steel discs per growth curve. For additive-dose analysis, 
10 discs are measured for the natural signal and 6 discs for each of 9 incrementally added 
levels of irradiation. For regenerative-dose analysis, 10 discs are measured for the natural 
signal, 4 discs for the zero or bleached signal, and the remaining 50 discs are distributed 
among 11 steps of incrementally added levels of irradiation (5 steps of 4 discs and 6 steps 
of 5 discs). If an estimate of the age and natural signal are known, the steps are designed 
to have 4 levels below the natural and 5 levels above. The additive data and regenerative 
data, from the total of 128 discs per sample, were combined using the "Australian slide" 
method introduced by Prescott et al (1993) . Figures A2.3, A2.4, and A2.5 present 
representative OSL growth curves. 
The largest problem with palaeodose estimation is fitting curves to data from samples 
which are above 50% saturation. As many of the samples in this study are older than 50 
ka they frequently fall into this category, despite the generally low environmental dose 
rates. Additive-dose growth curves can not be satisfactorily dealt with above 50% sample 
saturation and also with regenerative-dose growth curves, in the Australian Slide method, 
above 80-85% sample saturation (Spooner, pers comm). In samples which are close to 
saturation the Australian Slide method, which attempts to combine single saturating 
exponential and linear fit or single saturating exponential alone (Prescott et al, 1993), to 
the combined additive and regenerative growth data, cannot always accommodate the 
data adequately and sometimes produces patently unrealistic palaeodose estimates 
(Spooner pers comm). In such cases, Dr Spooner used weighted means of the primary 
Elsec growth data to estimate the palaeodose and appropriate error. 
The ICPMS results were not consistent or reproducible, presumably because of difficulties 
in obtaining extremely small samples which are representative, and have not been 
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Figure A2.3. Application of the Australian slide method to the combined additive and regenerative OSL 
growth curve data of sample Dul 1. Data are fitted by a single saturating exponential and linear algorithm. 
Solid circles represent the additive data and open circles represent the regenerative data. 
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Figure A2.5. Application of the Australian slide method to the combined additive and regenerative OSL 
growth curve data of sample KWB 4. Data are fitted by a single saturating exponential and linear algorithm. 
Open circles represent the additive data and solid circles represent the regenerative data. 
considered reliable. For the other methods, the radioisotope abundances were in agreement 
in most cases (Tables A2.7, A2.8, A2.9, A2.10), within the limits of expected error, and 
the germanium gamma spectrometry data was used for most dose-rate estimations. This 
strategy is adopted because the germanium gamma spectrometry also measures daughter 
isotopes in the decay chain. and the dose estimation software attributes components of the 
dose down the decay chain accordingly, thus taking account of any disequilibrium. In 
some cases the field gamma spectrometry was at variance with other analytic methods, but 
was used for estimating the gamma dose only for the Lookout 1 sample, because only at 
that site was a significant discrepancy associated with a stratigraphic context which 
suggested that the bag sample was very likely to be unrepresentative of the gamma dose. 
In 8 samples there were unexplained significant differences between the germanium gamma 
spectrometry and the other methods, which were relatively concordant. In those cases the 
DNA/NAA data were used for uranium and thorium abundance and the XRF analyses for 
potassium, these were processed using the age estimation software authored by Dr R Grun. 
Cosmic-ray dose rate was calculated from the latitude, longitude and altitude of the 
sample site combined with depth of overburden and the burial history, which could be 
estimated with reasonable confidence in most cases (Table A2.ll). Water content was 
estimated from the measurement of as-collected sample water content and porosity and an 
estimation of the water saturation history, based on topographic position and geomorphic 
setting. 
The age error is derived from a combination of errors associated with palaeodose 
measurement and dose rate estimation, plus an additional 2.5% systematic error which 
represents the known uncertainty of the irradiation facility (Spooner pers comm). In the 
case of samples which approach OSL saturation and the palaeodose is difficult to 
estimate or where environmental dose rate estimates from different analytic data could not 
be adequately resolved, an appropriately larger error was ascribed to the age to more 
accurately reflect the true uncertainty of the accuracy of the age determination (Spooner 
pers comm). 
389 
Uranium Series Thorium Series 
Sample 238 u 234U & 230Th 234Th 222Rn & 210pb 226Ra 228Ra 228Th 232Th & 220Rn 
Bq/Kg Error Bq/Kg Error Bq/Kg Error Bq/Kg Error Bq/Kg Error Bq/Kg Error Bq/Kg Error Bq/Kg 
KWB2 4.961 2.2 19 7.765 1.725 - - 6.226 0.138 7.782 0.173 8.477 0.586 8.884 0.328 
KWB4 8.020 0.810 17.992 0.150 7.820 0.945 14.678 0.122 18.348 0.153 6.617 0.214 6.759 0.117 
KWB6 5.990 1.100 5.665 0.148 6.939 1.3 17 4.527 0.119 5.659 0.149 5.768 0.301 6.287 0.158 
KWB9 11.311 2.341 7.500 0.177 - - 5.982 0. 142 7.477 0.177 8.253 0.359 8.143 0.189 
KWB 10 8.820 1.430 9.384 0.122 2.209 3.283 7.510 0.098 9.388 0.122 11.607 0.375 11.748 0.222 
KWBll 14.910 3.149 12.107 0.274 - - 9.667 0.220 12.086 0.275 16.422 0.680 14.506 0.299 
KWB 13 7.046 1.379 9.836 0.126 2.930 2.984 7.886 0.098 9.858 0.123 11.096 0.233 11.045 0.145 
KWB 17 7.295 1.308 6.110 0.102 2.802 2.834 4.882 0.082 6.103 0.102 7.594 0.211 7.344 0.118 
WmPt6 14.552 2.057 18.305 0.205 - - 14.674 0.165 18.343 0.206 8.887 0.311 8.790 0.167 
WmPt7 125.816 5.670 24.428 0.657 - - 18.437 0.530 23 .046 0.662 12.416 1.422 11.022 0.477 
WmPt 10 17.127 2.033 16.586 0.190 - - 13.265 0.153 16.581 0.191 11 .558 0.508 12.070 0.290 
WM Pt II 32.088 2.885 21.319 0.275 - - 16.976 0.221 21.220 0.276 14.664 0.529 14.187 0.261 
WmPt 13 39.340 1.957 18.626 0.183 - - 14.754 0.147 18.443 0.184 11.801 0.460 12.736 0.268 
Punkra 2 8.458 1.914 10.176 0.256 8.403 3.048 8.166 0.206 10.207 0.258 5.374 0.556 5.008 0.196 
Punkra 6 9.790 1.243 10.332 0.178 11 .307 1.492 8.274 0.144 10.343 0.180 10.111 0.357 10.606 0.197 
Punkra 8 12.202 2.664 10.406 0.205 - - 8.316 0.165 10.395 0.206 13.268 0.430 13.149 0.236 
LDom I 25.271 5.609 16.271 0.423 14.808 12.795 12.976 0.339 16.220 0.424 15.521 1.494 18.220 0.835 
LDom6 26.087 8.658 18.018 1.135 29.957 13.634 14.302 0.916 17.877 1.145 13.367 2.762 11.959 0.849 
LDom 8 9.935 3.375 9.399 0.250 9.577 7.125 7.517 0.201 9.396 0.251 6.300 0.494 6.111 0.241 
LDom4 8.684 1.182 8.640 0.168 9.423 1.408 6.911 0.136 8.639 0.170 6.272 0.321 7.230 0.170 
LDom9 10.733 2.400 9.433 0.206 - - 7.538 0.166 9.423 0.207 6.293 0.470 4.922 0.189 
Dul I 1.964 2.189 7.115 0.173 - - 5.718 0.138 7.147 0.173 4.855 0.578 4.490 0.668 
TBM 92/1 I 20.385 1.970 10.903 0.163 - - 8.670 0.131 10.837 0.164 5.091 0.284 5.376 0.143 
TBM 92/1 2 13.333 2.159 11.450 0.184 - - 9.149 0.148 11.436 0.185 3.956 0.540 5.507 0.301 
WWI 6.989 1.452 6.999 0.104 - - 5.600 0.084 7.000 0.105 8.809 0.345 9.348 0.201 
WW2 7.285 1.180 8.180 0.163 6.988 1.408 6.558 0.132 8.197 0.165 7.558 0.337 8.083 0.175 
LO I 25.784 2.795 46.138 0.368 - - 37.198 0.297 46.497 0.371 7.842 0.594 7.744 0.681 
M95 TLl 6.560 2.273 9.831 0.180 - - 7.882 0. 145 9.852 0.181 8.483 0.352 9.525 0.191 
M95 TL2 17.833 3.461 15.489 0.276 - - 12.379 0.222 15.474 0.277 13.826 0.537 15.253 0.294 
M95 TL 3 9.404 2.673 10.730 0.213 - - 8.590 0.171 10.738 0.214 9.61 7 0.696 10.775 0.391 
M95 TL5 3.130 2.265 9.147 0.178 - - 7.348 0.143 9.185 0.179 8.512 0.605 9.332 0.341 
Table A2.7. Germanium gamma spectrometry and analytic errors for uranium and thorium decay series radionucleide 
activities. Bq/Kg = Bequels/Kilogram. 
8.787 
6.726 
6.175 
8.167 
11.711 
14.816 
11.059 
7.404 
8.8 12 
11.163 
11 .944 
14.280 
12.499 
5.049 
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12.081 
6.147 
7.020 
5.113 
4.699 
5.318 
5.1 39 
9.211 
7.972 
7.800 
9.288 
14.924 
10.497 
9.134 
Error 
0.174 
0.103 
0.140 
0.167 
0.191 
0.274 
0.123 
0.103 
0.147 
0.452 
0.252 
0.234 
0.232 
0.184 
0.172 
0.207 
0.729 
0.812 
0.217 
0.150 
0.175 
0.437 
0.128 
0.263 
0.174 
0.155 
0.448 
0.168 
0.258 
0.341 
0.297 
Sample Neutron Activation Field gamma-spec Ge gamma-spec X-ray Diffraction 
Cone Error(%) Cone(%) Error Activity Cone(%) Error(%) Cone(%) Error(%) 
(ppm) (%) (Bq/Kg) 
KWB2 1650 ± 239 14.5 T - 58.60 ± 2.00 0.185± 3.4 3.4 0.1906 ± 0.0009 0.46 
KWB4 3150 ± 362 11.5 T - 111.12 ± 2.00 0.352 ± 1.8 1.8 0.3466 + 0.0017 0.49 
KWB6 2610 ± 321 12.3 T - 74.52 ± 2.33 0.236 ± 3.1 3.1 0.2813 + 0.0006 0.21 
KWB9 3760 + 414 11.0 T - 111.60 + 2.87 0.353 + 2.6 2.6 0.3911 + 0.0011 0.27 
KWB 10 5560 ± 542 9.8 T - 168.94 ± 2.45 0.535 ± 1.5 1.5 0.6217 ± 0.0006 0.10 
KWBll 7010 + 624 8.9 T - 240.47 + 5.23 0.761 + 2.2 2.2 0.7632 + 0.0038 0.49 
KWB 13 5023 + 502 10.0 T - 152.91 + 2.48 0.484 + 1.6 1.6 0.5265 + 0.0055 1.05 
KWB 17 4930 ± 493 10.0 - - 81.50 ± 1.49 0.258 ± 1.8 1.8 0.4105 ± 0.0001 0.01 
WmPt6 3660 + 403 11.0 T - 130.10 + 2.76 0.412+2.I 2.1 0.4106 + 0.0021 0.51 
WmPt7 4780 ± 490 10.3 T - 178.58 ± 11.2 0.565 ± 6.3 6.3 0.4946 ± 0.0050 I.OJ 
WmPt 10 6050 ± 575 9.5 T - 190.99 ± 3.10 0.604 ± 1.6 1.6 0.6200 + 0.0021 0.34 
WM Pt II 6040 ± 574 9.5 T - 212.49 ± 4.28 0.672 ± 2.0 2.0 0.6994 + 0.0004 0.05 
WmPt 13 5890 + 560 9.5 T - 193.52 + 2.93 0.612 + 1.5 1.5 0.6287 + 0.0005 0.07 
Punkra 2 1140 ± 302 26.5 T - 28.01 ± 3.28 0.089 ± 11.7 11.7 0.1515 ± 0.0000 0.00 
Punkra 6 4030 ± 433 10.8 T - 129.32 ± 3.03 0.409 ± 2.3 2.3 0.4337 ± 0.0005 0.11 
Punkra 8 7200 ± 630 8.8 T - 227 .67 ± 4.17 0.720 ± 1.8 1.8 0.7438 ± 0.0025 0.33 
LDom I 590 ± 236 40.0 0.57 0.06 178.27 + 5.20 0.564 + 2.9 2.9 0.6471 + 0.0077 1.19 
LDom6 4800 + 492 10.3 0.43 0.04 241.80 + 19.55 0.765 + 8.1 8.1 0.5222 + 0.0012 0.22 
LDom 8 208 ± 208 100.0 0.28 0.03 51.46 ± 3.37 0.163 ± 6.6 6.6 0.1891 ± 0.0008 0.43 
LDom4 2450 ± 312 12.8 0.28 0.03 86.31±2.55 0.273 ± 3.0 3.0 0.2659 + 0.0002 0.07 
LDom9 561+247 44.0 0.43 0.04 20.40 + 2.11 0.065 + 10.3 10.3 0.0697 + 0.0002 0.25 
Dul I 3170±368 11.6 0.28 0.03 88.47 ± 2.34 0.280 ± 2.6 2.6 0.3176 + 0.0001 0.04 
TBM 92/1 I 2980 ± 355 11.9 - - 84.93 + 2.35 0 .269 ± 2.8 2.8 0.2864 + 0.0009 0.33 
TBM 92/1 2 1570 + 251 16.0 - - 46.67 + 1.75 0.148 ± 3.7 3.7 0.1561+0.0001 0.08 
WWI 4410 ± 463 10.5 0.47 0.05 148.44 ± 2.18 0.470 ± 1.5 1.5 0.4736 ± 0.0004 0.09 
WW2 5460 ± 535 9.8 0.52 0.05 173.52 ± 3.56 0.549 ± 2.1 2.1 0.6024 ± 0.0017 0.28 
LO I 1967 ± 270 13 .8 0.52 0.05 62.89 ± 2.05 0.199 ± 3.3 3.3 0.3866 + 0.0033 0.85 
M95 TLI 3490 + 394 11.3 - - 132.71 + 3.09 0.420 + 2.3 2.3 0.3943 + 0.0003 0.07 
M95 TL2 360 ± 252 70.0 - - 216.19 ± 4.56 0.684 ± 2.1 2.1 0.3960 ± 0.0018 0.46 
M95 TL 3 3810 ± 415 10.9 - - 125.56 ± 2.98 0.397 ± 2.4 2.4 0.4238 + 0.0017 0.40 
M95 TL5 2460 + 314 12.8 - - 82.59 + 2.15 0.261 + 2.6 2.6 0.2601 + 0.0023 0.90 
Table A2.8. Potassium concentrations and analytic errors from NNA, germanium gamma spectrometry, field gamma 
spectrometry and X-ray Diffraction. Error (10%) for field gamma spectrometry is assumed. T = Total sample gamma 
dose calculated not individual radioisotope concentrations. Bq/Kg = Bequels/Kilogram. 
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Sample D. Neutron A~tivation ·Field gamma-spec Ge gamma-spec 
Cone Error(%) Cone Error Cone Error 
(ppm) (ppm) (ppm) (ppm) (ppm) 
KWB2 0.67 ± 0.09 14.0 T - 0.398 0.178 
KWB4 0.48 ± 0.13 27.0 T - 0.644 0.065 
KWB6 0.56 ± 0.13 23 .0 T - 0.481 0.088 
KWB9 0.84 ± 0.05 6.1 T - 0.909 0.188 
KWBIO 0.74 ± 0.05 6.2 T - 0.708 0.115 
KWBll 0.79 ± 0.05 6.1 T - 1.198 0.253 
KWB 13 0.76 ± 0.05 6.2 T - 0.566 0.111 
KWB 17 0.65 ± 0.07 10.0 - - 0.586 0.105 
WmPt6 1.53 ± 0.09 5.8 T - 1.169 0.165 
WmPt7 1.31 ± 0.08 5.9 T - 10.106 0.455 
WmPt 10 1.14 ± 0.07 6.0 T - 1.376 0.163 
WM Pt 11 2.40 ± 0.13 5.3 T - 2.577 0.232 
WmPt 13 3.26 ± 0.13 4.0 T - 3.160 0.157 
Punkra 2 1.23 ± 0.07 6.0 T - 0.679 0.154 
Punkra 6 0.92 ± 0.06 6.1 T - 0.786 0.100 
Punkra 8 0.79 ± 0.05 6.2 T - 0.980 0.214 
LDom 1 1.79±0.10 5.6 0.76 0.076 2.030 0.451 
LDom6 2.07 ± 0.11 5.4 0.81 0.081 2.095 0.695 
LDom 8 1.16 ± 0.07 6.0 0.66 0.066 0.798 0.271 
LDom4 0.76 ± 0.05 6.2 0.66 0.066 0.698 0.095 
LDom9 0.58 ± 0.12 21.0 0.57 0.057 0.862 0.193 
Dul 1 0.65 ± 0.07 10.0 0.52 0.052 0.158 0.176 
TBM 92/11 1.96 ± 0.11 5.5 - - 1.637 0.158 
TBM 92/1 2 1.42 ± 0.08 5.8 - - 1.071 0.173 
WWl 0.53 ± 0.14 26.0 0.47 0.047 0.561 0.117 
WW2 0.71 ± 0.07 10.0 0.81 0.081 0.585 0.095 
LO 1 2.85 ± 0.11 4.0 3.89 0.389 2.071 0.224 
M95 TLl 0.64 ± 0.10 16.0 - - 0.527 0.183 
M95 TL2 1.15 ± 0.07 6.0 - - 1.432 0.278 
M95 TL 3 0.77 ± 0.05 6.2 - - 0.755 0.215 
M95 TL5 0.53 ± 0.14 26.0 - - 0.251 0.182 
Table A2.9. Uranium concentrations and analytic errors from DNA, 
germanium gamma spectrometry and field gamma spectrometry. 
Error (10%) for field gamma spectrometry is assumed. T = Total 
sample gamma dose calculated not individual radioisotope 
concentrations. 
Sample Neutron Activation Field gamma-spec Ge gamma-spec 
Cone Error(%) Cone Error Cone Error 
(ppm) (ppm) (ppm) (ppm) (ppm) 
KWB2 1.78 ± 0.05 3.0 T - 2.14 0.04 
KWB4 1.54 ± 0.05 3.2 T - 1.64 0.03 
KWB6 1.77 ± 0.05 3.0 T - 1.50 0.03 
KWB9 2.22 ± 0.06 2.6 T - 1.99 0.04 
KWB 10 2.89 ± 0.07 2.3 T - 2.85 0.05 
KWBll 3.72 ± 0.08 2.1 T - 3.61 0.07 
KWB 13 2.91 ± 0.07 2.3 T - 2.69 0.03 
KWB 17 1.80 ± 0.05 3.0 - - 1.80 0.03 
WmPt 6 2.25 ± 0.06 2.6 T - 2.15 0.04 
WmPt 7 3.34 ± 0.07 2.2 T - 2.72 0.11 
WmPt 10 2.82 ± 0.07 2.4 T - 2.91 0.06 
WM Pt 11 3.81±0.08 2.1 T - 3.48 0.06 
WmPt 13 2.71 ± 0.06 2.4 T - 3.04 0.06 
Punkra 2 1.60 ± 0.05 3.1 T - 1.23 0.04 
Punkra 6 2.91 ± 0.07 2.3 T - 2.56 0.04 
Punkra 8 3.23 ± 0.07 2.2 T - 3.21 0.05 
LDom 1 3.45 ± 0.08 2.2 2.80 0.28 4.28 0.18 
LDom6 2.87 ± 0.07 2.3 2.42 0.24 2.94 0.20 
LDom 8 1.68 ± 0.05 3.0 1.61 0.16 1.50 0.05 
LDom4 1.67 ± 0.05 3.0 1.75 0.18 1.71 0.04 
LDom 9 1.21 ± 0.04 3.6 2.46 0.25 1.25 0.04 
Dul 1 1.54 ± 0.05 3.2 1.52 0.15 1.14 0.11 
TBM 9211 1 1.23 ± 0.04 3.6 - - 1.30 0.03 
TBM 9211 2 0.88 ± 0.04 4.5 - - 1.25 0.06 
WWI 1.71 ± 0.05 3.0 2.04 0.20 2.24 0.04 
WW2 1.96 ± 0.05 2.8 3.03 0.30 1.94 0.04 
LO 1 2.59 ± 0.06 2.4 5.26 0.53 1.90 0.11 
M95 TLI 2.13 ± 0.06 2.7 - - 2.26 0.04 
M95 TL2 1.97 ± 0.06 2.8 - - 3.64 0.06 
M95 TL 3 2.27 ± 0.06 2.6 - - 2.56 0.08 
M95 TL5 1.67 ± 0.05 3.0 - - 2.23 0.07 
Table A2.10. Thorium concentrations and analytic errors from NNA, 
germanium gamma spectrometry and field gamma spectrometry. Error (10%) 
for field gamma spectrometry is assumed. T = Total sample gamma dose 
calculated not individual radioisotope concentrations. 
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Sample Latitude Longitude Altitude Expected Estimated burial history 
--- age 
KWB2 28°31'20" 137°55'25" -6.88 >350 Early burial to 2-3 m; From then to 130 ka unknown; 130-100 
ka !Om added; 75-65 ka 2 madded; 50-60 ka 4 madded. 
KWB4 28°31'20" 137°55'25" -4.4 110-120 Early burial to 5-6 m; 75-65 ka 2 m added; 50-60 ka 4 madded. 
KWB6 28°31'20" 137°55'25" -2.35 100-110 Early burial to 3-4 m; 75-65 ka 2 madded; 50-60 ka 4 madded 
KWB9 28°31'20" 137°55'25" 1.2 100 Early burial to 1-3 m; 75-65 ka 2 madded; 50-60 ka 4 madded 
KWB 10 28°31'20" 137°55'25" -4.37 70-75 Early burial to 4-5 m; 50-60 ka 5 madded 
KWBll 28°31'20" 137°55'25" -2.09 65-70 Early burial to 2-3 m; 50-60 ka 5 madded 
KWB13 28°31'20" 137°55'25" 4.34 55-60 Early burial to 4 m; 
KWB 17 28°31'20" 137°55'25" -5.7 110-120 Early burial to at least 1.5 m; 110 - 60 ka unknown; 50-60 ka 
2 madded 
WmPt6 29°02'21" 137°37'42" -3.97 85 Early shallow burial 1-2 m; 50-60 ka 6-7 madded 
WmPt 7 29°02'21" 137°37'42" -3.16 65 Early shallow burial 0.5-1 m; 50-60 ka 6-7 madded 
WmPt 10 29°02'21" 137°37'42" -7.95 95 Early burial 4-5 m; 50-60 ka 6-7 madded 
WMPt II 29°02'21" 137°37'42" -2.94 60 Early burial 6-7 m 
WmPt 13 29°02'21" 137°37'42" 2.42 50 Early burial 6-7 m 
Punkra2 27°47'00" 137°35'30" -3.92 70-75 Early burial 3.5-4 m; 70-20 ka unknown; 20 ka 5-6 madded 
Punkra 6 27°47'00" 137°35'30" 0.68 110 Early burial 1-2 m; 100-20 ka unknown; 20 ka 5-6 madded 
Punkra 8 27°47'00" 137°35'30" -4.25 120 Early burial 2 m; 110-20 ka unknown; 20 ka 2-3 madded 
LDom I 28°36'49" 137°37'19" -6.8 110-120 Early burial to at least 0.5m; 110-60 ka unknown 0.3 at some 
time in this oeriod; 50-60 ka 1.5-2 m added. 
LDom6 28°36'49" 137°37'19" -5.69 50-60 Early burial to 1.5-2 m 
LDom8 28°36'49" 137°37'19" -6.23 110-120 Shallow early burial to at least 0.3 m; 110-60 ka unknown 0.3 
at some time in this oeriod; 50-60 ka 1.5-2 m added. 
LDom4 28°36'49" 137°37'19" -9 .3 160-200 Early burial 1-2 mat least; 160-120 ka unknown; 120-110 ka 
2-3 madded, 110-60 ka unknown 0.3 at some time in this 
oeriod· 50-60 ka 1.5-2 madded. 
LDom9 28°36'49" 137°37'19" -6.1 65-75 Early shallow burial; 50-60 ka 2-3 madded. 
Dul I 28°55'65" 137°29'20" -10.44 40-45 Early burial to 0.75 m 
TBM92/l 1 29°16'51" 137°48'55" 4.17 85 Early burial to 1.7 m 
TBM 92/l 2 29°16'51" 137°48'55" 4.62 85 Early burial to 1.25 m 
WWI 27°47'40" 137°35'50" -1.25 180-230 Early burial to 3.5 m; 180-120 unknown; 120 ka 1.5 madded 
WW2 27°47'40" 137°35'50" 0.95 110-120 Early burial to 3.5 m 
LO I 27°52'34" 137°55'19" -0.89 100-220 Early burial to 6 m; 20 ka 9-10 madded 
M95 TLI 28°36'49" 137°37'19" -7 90-100 Early burial 0.5-1 m; after 90 ka unknown 
M95 TL2 28°36'49" 137°37'19" -9.3 120-110 Early burial 0.5-1m; 90-100 2-3m added; after 90 ka unknown 
M95 TL 3 28°36'49" 137°37'19" -8.1 90-100 Early burial 1.5-2 m; after 90 ka unknown 
M95 TL5 28°35'00" 137°34'30" ~-3 
Table A2.11. Data used in estimating the cosmic-ray dose for optical dating samples including 
latitude, longitude, altitude, overburden depth and burial history, which was estimated from 
the stratigraphic setting and the anticipated age of the sample. 
A2.4 AMINO ACID RACEMIZATION DATING 
Geochronological applications of the amino acid racemization reaction commenced in the 
late 1960s and there have been a number of reviews of the technique including Bada and 
Schroeder (1975), Bada (1982), Miller and Brigham-Grette (1989), Wehmiller and Miller 
(1990), Rutter and Bfackwell (1995) . The following discussion is based on those sources. 
Amino acids are the building blocks of proteins and, as protein membranes are 
fundamental for the process of biological precipitation of calcium carbonate, traces of 
amino acids are incorporated into biogenic carbonate fossils . Protein amino acids (except 
for glycine) can exist in two isomeric forms (L- and D-isomers) which have the same 
physical and chemical properties; racemization is the chemical reaction which converts one 
to the other. Some amino acids, such as isoleucene, have two centres of symmetry but L-
isoleucene racemizes only about one of these centres, to produce a different molecule D-
alloisoleucene; a racemization process termed epimerization. 
Living things exclusively utilise L-isomers and this provides the zero point for their 
geochronological use as, after death, racemisation or epimerization occurs until an 
equilibrium between L- and D-forms occurs. As racemization occurs, other processes also 
occur such as hydrolysis of protein polypeptide chains to free amino acids and conversion 
of complex to more simple amino acids. These processes combine with taxonomic 
differences in racemization rates to introduce complexity into the system. However, it is 
the temperature dependency of the rate of racemization which causes the most difficulty in 
its use for geochronology. Calibration for temperature dependency can be provided by a 
combination of an integrated thermal history for the site and an accurate model of the 
racemisation kinetics or by reference to independently dated samples from the same region, 
which have the same thermal history. 
The use of isoleucine epimerization in African ostrich eggshell has been reviewed by Miller 
and Wendorf (1986) Brooks et al (1990) and Miller et al. (1991). This material 
approximates a closed system for the retention of proteins and their decomposition 
products, with no significant loss at least until racemic equilibrium is obtained. The 
differences in measured D /L ratios within and between eggshells are lower than for any 
other carbonate fossils . This integrity is attributed to the location of the proteins within 
the calcite crystals of the eggshell, rather than between the crystals as occurs in mollusc 
shell carbonates, and implies that the isoleucine epimerization reaction is capable of high-
precision relative dates . Calibration of the reaction for temperature dependency, by 
experimental temperature simulation experiments and by radiocarbon dating, have enabled 
an absolute chronology to be obtained (Miller et al., 1991). 
Eggshell of the Australian ratite, the emu, and the extinct Pleistocene giant mihirung bird 
Genyornis, has been found recently to be equally suitable for this technique (Magee et al, 
1995; Miller et al, 1997; Miller et al, in prep). As mentioned in Section A2.2.3.2, Dr. G.H. 
Miller of the University of Colorado, Boulder, has undertaken an extensive AAR dating 
study of emu and Genyornis eggshell, in the Lake Eyre region as part of a broader 
palaeoenvironmental study, in Central and Northern Australia. Miller et al (1997) have 
demonstrated that isoleucene epimerization in emu eggshell corresponds closely to 
reversible first-order linear kinetics, to a D /L ratio in excess of 1.0, by a combination of 
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Figure A2.6. Calibration diagram to convert Emu and Genyornis eggshell D/L ratios to 
calibrated age (ka). Data for AMS14 C dated emu eggshell (Square symbol) are from Miller et al 
(1997). The remaining data points (Small crosses) are from an age calibration model (Miller, 
pers comm) which relates Genyornis D/L ratio to ka, based on cross calibration with about 15 
optical dates from this study. Genyornis eggshell ratios are converted to equivalent emu 
eggshell ratios by multiplying by 1.18. The modelled age is plotted in linear segments between 
calibration points. The slope of the line in each segment reflects different average temperature 
regimes during the time period covered by the segment. 
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heating experiments and analysis of Holocene samples (during which time the mean annual 
temperature is assumed to have been within 13C of modern values). The ratio of D-
alloisoleucene to L-isoleucene is 1.3 at equilibrium. Miller et al (1997) have calibrated the 
AAR reaction of emu eggshell, from the Lake Eyre region, in the range from 0 to about 
40,000 years BP by a large-data ·set of radiocarbon analyses (Table A2.4). More recently 
Miller et al (in Prep) have used a number of the OSL dates obtained in this study (Table 
A2.6) to extend the calibration of emu and Genyornis eggshell from 45 ka to 150 ka. 
Isoleucene in Genyornis epimerizes slightly slower than in emu and must be multiplied by 
1.18 to make the ratios equivalent (Miller et al, 1997). 
The following outline of AAR analytical techniques using high-pressure liquid 
chromatography (HPLC) which are employed in Miller's laboratory at Colorado 
University, has been taken from Miller et al (1997): 
"After mechanical cleaning, 33% of the remaining mass is removed by stoichiometric 
addition of 2M HCL A small subset of the cleaned fragment is decalcified and 
hydrolysed in excess 6M HCl under nitrogen for 22 hours at 1105C. L-isoleucene and its 
epimerization product D-alloisoleucene are separated by ion-exchange chromatography, 
and quantified by post-column derivitisation with 0-phthalaldehyde and ultraviolet 
detection. L-isoleucene/D-alloisoleucene ratios are calculated as the ratio of peak 
heights after electronic integration. Replicate analyses are performed on all samples 
with typical analytic uncertainty of 1 %. " 
Miller's AAR study of bird eggshell has been closely associated with this thesis project. 
Most of the eggshell samples analysed are from sites used for this study and Miller has 
made the full data set available, to help provide chronological information for the 
stratigraphic sections. Fig A2.6 (data from Miller, pers comm) is a preliminary plot of 
eggshell D/L ratio (for emu and Genyornis) against calender age and is a combination of 
the 0-40,000 years BP radiocarbon calibration and the older (40-150 ka) OSL calibration. 
This calibration curve is the basis of the numeric age estimations from AAR analyses which 
appear in this thesis. In this model straight line segments are fitted between calibration 
points for purpose of simplification, though the racemisation rate is not linear. The slope 
of the different segments reflects different average temperature regimes during the time 
period covered (Miller et al, 1997). 
In association with Miller's work, smaller numbers of other carbonate fossils from Lake 
Eyre have been analysed for AAR. These include a number of waterbird eggshell samples 
and mollusc shell samples, mostly from beach sediments. These analyses suggest that 
waterbird eggshell and some mollusc species, including Coxiella/Coxiellada gastropods and 
Unionid bivalves are suitable for the technique. On the other hand, Corbiculina bivalves 
give inconsistent results, probably due to diagenetic effects, and are unsuitable for the 
technique. The AAR results for these taxa are discussed in detail in Section 5.3, which 
deals with beach ridge chronology, and insufficient analyses and calibration has been 
carried out to enable a detailed calibration curve, similar to Fig A2.6 for eggshell, to be 
produced. However, Magee and Miller (in press) have suggested that a preliminary 
assessment of the calibration of Coxiella/Coxiellada AAR by OSL dates suggests a parabolic 
kinetic model whereby D /L is proportional to the square root of sample age (Section 
5.3.5). 
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A2.5 URANIUM SERIES DATING 
The uranium series are two radioactive decay chains which originate with 238U and 235U 
and pass through a number of daughter radioisotopes eventually terminating in stable lead 
isotopes. When uranium is in a cl9sed system the activity of each of the daughter isotopes 
eventually becomes to be equal to that of the parent uranium isotope, as measured in 
numbers of disintegrations per unit time, a state referred to as secular radioactive 
equilibrium (Schwarcz, 1989). Because of differences in the chemistry of some of the 
isotopes in the decay series, particularly uranium and thorium, it is possible for differential 
mobility to occur. Uranium weathers to a hexavalent state which forms water soluble 
complexes and can be mobilised and incorporated into secondary minerals while its less 
soluble daughter thorium is left behind (Schwarcz, 1989). This results in uranium which is 
in disequilibrium with its daughter isotopes in the new mineral. Over time, the uranium 
decay series in the new mineral will regain a state of secular equilibrium, provided the new 
mineral is a closed system for the isotopes of the decay series. Thus, by measuring the 
ratio of a parent and daughter isotope activities in the secondary mineral, and determining 
how far it has proceeded towards equilibrium, the age of the formation of the secondary 
mineral can be determined. 
The most commonly used daughter /parent ratio in Quaternary dating is 230Thj234U 
which can produce ages back to about 350 ka, provided the mineral has not gained or lost 
uranium or thorium since its formation. Corals are particularly suitable because living coral 
incorporates small quantities of uranium into the skeletal aragonite. However, as is almost 
certainly the case at Lake Eyre, uranium does not generally occur as an original component 
in most other biogenic carbonates but is commonly incorporated into the mineral, from the 
environment, after death and burial of the organism. Provided the system then remains 
closed for loss of uranium or for uptake of environmental thorium, the age can be 
determined depending on whether the uranium uptake is modelled as occurring rapidly 
(early uptake) or over a more prolonged period (slow uptake). Some assessment of the 
likelihood of environmental uptake of thorium can be determined by measuring the 
abundance in the sample of 232Th, which is not part of the 238U and 235U decay chains. If 
the 230Th/232Th ratio is greater than 20 then environmental contamination by non-
daughter 230Th is assumed to be negligible (in a Thorium-rich environment). 
A2.5.1 Radiometric measurement of uranium series 
When uranium series dating was first developed, the activities of the radioisotopes were 
measured radiometrically by alpha spectrometry. This method requires that the uranium 
content of samples is at least O.lppm (Schwarcz, 1989) and the precision is statistically 
determined by the total number of counts thus requiring larger samples and longer counting 
times for greater precision. A number of radiometric alpha-counted ages from the Lake 
Eyre region were determined by Dr S Short of the Australian Nuclear Science and 
Technology Organisation (ANSTO) as part of a study to examine the applicability of the 
technique to different materials, which was carried out in association with TL dating of 
fluvial sediments by Dr G Nanson at the Wollongong University TL laboratory. These 
ANSTO dates are listed in Table A2.12 and include ages from secondary iron minerals, 
bone, tooth enamel, mollusc shell, primary sedentary gypsum, secondary discoidal 
Laboratory ~ge (ka) Site Material Dated 
Code 
LH973 260 +31 1-26 Billicorinna Ferruginised fossil wood 
LH974 113 +23 l-20 Punkrakadarinna Ferricrete on bone 
LH975 221+21 1-18 Billicorinna Ferricrete fragments 
LH976 105 ± 7 Billicorinna Ferruginised hardpan 
LH977 57.3 +7 1-6.6 Punkrakadarinna Ferruginised fossil wood 
LH 1029 164 +16 / _14 Lookout U nionid shell 
LH 1030 260+261-22 Lookout Megafauna cortical bone 
LH 1032 165 +l3 /-12 Kalamurina Diprotodon tooth enamel 
LH 1036 102±8 Lookout Macropus titan tooth enamel 
LH 1055 130 ± 8 Punkrakadarinna Megafauna bone (LH 974) 
LH 1230 <5.2 Lookout Secondary pedogenic gypsum 
LH 1231 <7.4 Lookout Secondary pedogenic gypsum 
LH 1232 347 +oo /-64 Too la pinna Vein gypsum 
LH 1233 <11 Punkrakadarinna Spherical gypsum nodule 
LH 1234 <2.6 Punkrakadarinna Secondary pedogenic gypsum 
LH 1235 <5.6 Billicorinna Secondary pedogenic gypsum 
LH 1236 <93.2 Punkrakadarinna Sedentary pedogenic gypsum 
LH 1237 <2.0 Too la pinna Secondary pedogenic gypsum 
LH 1238 2.4 +o.6 I -0.4 Lookout Secondary pedogenic gypsum 
LH 1239 16.6 ± 0.1 Toolapinna Secondary pedogenic gypsum 
LH 1336 128.7 +9·81-9.7 Lake Kutjitara S Diprotodon tooth enamel 
LH 1337 72.3 +4 I -3.8 Lake Kutjitara S Diprotodon tooth enamel 
LH 1338 226 +34/ -27 Lake Hydra NW Megafauna bone 
LH 1339 77.9 +5.7 /-5.5 Williams Point Genyornis eggshell 
LH 1352 59.7 +3.6 /-3.5 Lake Kutjitara S Ferricrete on Diprotodon tooth 
Table A2.12. List of radiometric (alpha counted) uranium series ages from the Lake 
Eyre region. Dates were carried out at the Australian Nuclear Science and 
Technology Organisation (ANSTO), by Dr S. Short and have been provide by Short 
(pers Comm) and Short and Webb (pers comm). 
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gypsum, vein gypsum and Genyornis eggshell. Of these materials the secondary iron 
samples are the most consistent with other dating methods, particularly luminescence ages, 
in line with previous positive assessments of the value of secondary iron mineralisation for 
uranium-series dating (Short et al, 1989; Nanson et al, 1991). The single mollusc shell date 
(LH 1029) of 165 +16 / _14 ka from unionids at the Lookout Site is difficult to evaluate but 
seems older than a stage 5 AAR age estimate from the same shells (Section 4.1.3.2). The 
dates from all forms of gypsum are much younger than expected and clearly indicate that 
gypsum is not a closed system for uranium series elements and is not suitable for the 
method. 
The bone and tooth enamel dates are more difficult to evaluate because few have 
equivalent luminescence dates for comparison but in general they seem to be at least the 
right order of magnitude with respect to the expected stratigraphic age and where inter-
comparison does exist it suggests some consistency. There is some debate about the 
taphonomy and stratigraphic relationship of the bone dated in sample LH 1055 from 
Punkrakadarinna (Section 4.1.5.3) but the age is consistent with a possible origin from 
fluvial sediments dated to early stage 5 by luminescence methods. The diprotodon tooth 
enamel dated in LH 1336 is from a mandible, found in situ in the thick lateral accretion 
fluvial sediments at the Lake Kutjitara South Site (Section 3.3.3.3). The age of 128 ± 9.8 ka 
is in general agreement with the OSL ages of 105.1 ± 9.5 ka, and 95.5 ± 6.0 ka, from the 
same unit at the Main Profile of the Kutjitara West Bluff Site about 1 km to the west 
(Section 3.3.3.1). However, a duplicate analysis (LH 1337) on enamel from another tooth 
from the same specimen, resulted in a significantly different age of 72.3 ± 4 ka suggesting 
the likelihood of variations in the degree of closed system approximation. Sample LH 
1338 is derived from the Lake Hydra North West Section which from AAR analysis of a 
single Genyornis eggshell fragment is thought to be at least stage 7 in age (Section 3.2.1.4). 
The age of 226 ± 34 ka is consistent with a stage 7 age. 
The single date of 77.9 ± 5.7 ka (LH 1339) from Genyornis eggshell fragments from the 
Williams Point Site, Madigan Gulf, is noticeably older than OSL and TL ages from the unit 
and from more recent TIMS U-series eggshell dates. The large sample requirement of the 
radiometric method necessitated a sample which combined a number of different 
fragments of eggshell and probably restricted the amount of sample pretreatment which 
was possible, although the exact pretreatment regime is unknown. The combination of 
these factors has probably increased the possibility of contamination by environmental 
thorium and the 230Th/232Th ratio of the sample, which might allow assessment of this 
possibility, is unknown. 
A2.5.2 Thermal ionisation mass spectrometric (TIMS) measurement 
Over the last decade, advances in thermal ionisation mass spectrometry (TIMS) have 
allowed U and Th isotope ratios to be counted by high-sensitivity detectors after ions are 
produced by thermally ionising purified U or Th, deposited on a filament. This 
measurement by direct atom counting is quicker, more precise and requires smaller isotope 
concentrations than radiometric methods (Blackwell and Schwarcz, 1995). Measurements 
require hours rather than days and can be made on samples of mg rather than 10s of g as 
required for alpha spectrometry. The small sample requirements, which allow more careful 
selection from a wider range of samples as well as more rigorous pretreatment regimes, and 
the high precision are the greatest advantages of the TIMS method over radiometric 
methods. 
TIMS uranium series dating at Lake Eyre is restricted to an exploratory series of dates on 
Genyornis eggshell, to test the suitability of the material for the method. In an initial study, 
by Dr M McCulloch of RSES, ANU, two Genyornis fragments from Lake Eyre were 
included in a group of samples from sites which ranged from the Murray Basin to Lake 
Eyre. Following this initial study, a group of Genyornis fragments, with AAR analyses 
which suggested ages spanning the range from about 50 - 100 ka, were dated by Dr L 
Ayliffe of RSES, ANU. This group of samples was first screened by ICPMS analyses of U 
and Th abundance and eleven samples with high U /Th ratios were selected for TIMS 
analysis on the assumption that low relative abundance of Th suggested they were likely to 
be low in 232Th. Table A2.13 lists the eggshell TIMS U-series dating results from both 
these studies, including the comparison between ICPMS results and TIMS results. The 
agreement between the U analyses in the ICPMS and TIMS techniques is generally good, 
except for sample 920703/l(E) which produced a major discrepancy, attributed by Dr 
Ayliffe to a problem with the ICPMS spike. The Th analyses are more variable between the 
two techniques, as indicated from the U /Th ratios, with significant discrepancies in 
samples M95-A8(C), M95 AlO(C), 941022/l(D) and 920703/l(E). However, in most 
cases the 230Th/232Th ratios, from subsequent TIMS analyses, are close to or over 20 
indicating that the ICPMS screening process has successfully identified samples low in 
environmental thorium contamination. 
The resultant ages indicate considerable promise for the application of TIMS U-series 
dating to bird eggshell. The Bully Sand Hill ages agree very well with the age expected 
from the D/L ratio of the samples (Section 5.2.1.3.1), although luminescence ages are not 
yet available from the unit. Samples from the Williams Point dune, Fly Lake dune, and 
Eric Island dune are all from playa-deflational sediments believed to be stratigraphic 
equivalents of the Williams Point aeolian unit, which has luminescence ages that place it in 
the 50-60 ka period. The TIMS ages are all close to that range, with the exception of the 
Fly Lake sample, with multiple dates from a single site in close ~greement. The two ages 
from Williams Point also agree very closely with the sample from that site which was 
dated in the earlier study by McCulloch. The Fly Lake sample has a 230Th/232Th ratio of 
15.7, which is the second lowest of the whole group and suggests the possibility that slight 
contamination with environmental thorium has occurred, lowering the age. The Kutjitara 
West Bluff dune is a river-marginal aeolian unit which was originally considered to be 
coeval with the Williams Point aeolian unit. However, a recent OSL age of 34 ka, 
considerably younger than the age of the Williams Point aeolian unit, contrasts sharply 
with Genyornis D /L ratios, from elsewhere in the aeolian sequence at the site, which 
suggest ages slightly older than the Williams Point aeolian unit. The TIMS dates, 
particularly the age of 69.6 ± 0.8 from M92 A125(B), support the possibility that aeolian 
material slightly older than the Williams Point aeolian unit occurs at the site and that the 
aeolian stratigraphy is more complex than first considered (Section 3.3.3). 
The Lake Dom dune dates are the most problematic of the group as the ages obtained are 
considerably older than expectations based on the D /L ratios. One of the samples (M95 
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Sample Details AAR Results Uranium (ppm) U rani urn/Thori urn TIMS Results 
Sample Sample Expected 12.30Th/232T h 
Code Site weight D/L Age ICPMS TIMS ICPMS TIMS activity Age 
920703/1 (A) Bully 0.51 0.90 100 0.22 0.29 130 55 119.6 91.9±1.1 
Sandhill 
920703I 1 (E) Bully 0.45 0.92 100 0.54 5.48 135 647 1360.5 88.6±1.1 
Sandhill 
941022/2 (C) Williams 0.72 0.53 55 0.15 0.23 24 10 17.9 62.9 ± 0.6 
Point dune 
941022/ 2 (D) Williams 0.51 0.51 55 0.13 0.15 26 18 31.9 65.6±1.6 
Point dune 
M92-A125 (B) Kutjitara 1.05 0.61 60 0.07 0.09 23 23 43.l 69.6 ± 0.8 
West Bluff 
M92-A125 (C) Kutjitara 1.16 0.59 60 0.09 0.12 17 16 27.3 59.4 ± 0.5 
West Bluff 
M93-A143 (B) Fly Lake 0.45 0.56 55 0.06 0.09 29 13 15.7 42.9 ± 3.0 
M95-A10 (C) Lake Dom 0.59 1.01 120 0.06 0.08 23 8 27.8 218.9±12.2 
dune 
M95-A93 (C) Eric Island 0.80 0.52 55 0.12 0.14 19 14 20.2 50.3 ± 0.7 
dune 
M95-A93 (E) Eric Island 0.78 0.57 55 0.12 0.13 24 22 31.4 48.0 ± 0.4 
dune 
M95-A8 (C) Lake Dom 0.46 0.92 100 0.19 0.21 41 3 13.0 331.1±16.2 
dune 
M92-A74 Williams 0.66 64 0.106 10.6 18.5 64±1.6 
Point dune 
M88-A26 Lake Dom 1.01 120 0.038 7.6 27.3 229.8 ± 7.5 
beach 
Table A2.13. List of TIMS uranium-series ages on Genyornis eggshell from the Lake Eyre region. Data are from 
Ayliffe (Pers Comm) except for M92-A74 and M88-A26 (McCulloch, Pers Comm). Samples supplied by G.H 
Miller and J.W Magee, AAR analyses from University of Colorado, Boulder (Miller, Pers Comm). 
5 
N 
A8(C)) has the lowest 230Th/232Th ratio (13.0) of the entire group and contamination with 
environmental thorium could be a problem. Leaching of uranium is the most likely cause of 
dates which are significantly too old, and the topographic location of the Lake Dom 
samples, low in the sequence and close to both the playa margin and groundwater level of 
Lake Dom, indicates the possibility of significant interaction with groundwater in the past. 
In contrast, all other samples come from local topographic high points in dune units, which 
are likely to have been above watertable throughout their post-depositional history, and lie 
below well-cemented pedogenic secondary gypsum horizons which are likely to have 
insulated them from meteoric water for much of that period. 
Optical dates of 170.3 ± 28.3 ka and 174.0 ± 25.1 ka from the Lake Dom aeolian unit, 
which contains M95 A8(C) and M95 AlO(C), also indicate ages considerably older than 
the D /L ratios would suggest, but younger than the TIMS U-series ages (Section 3.2.3.2). 
There are significant problems with both the palaeodose and environmental dose rate 
estimations for those OSL ages (as reflected in the large errors) which lead to considerable 
uncertainty in the age estimate, but it is extremely unlikely that the age is close to the D/L 
ratio estimates (Spooner, pers comm). The situation is further complicated by a younger 
OSL age of 116.0 ± 7.4 ka from the unit underlying the aeolian sediment, which agrees with 
that expected from the D /L ratio estimates. However, the palaeodose and environmental 
dose rate estimations from that sample are also problematic. If significant groundwater 
leaching of uranium has occurred, from both the eggshell and the sediment, this would have 
the effect of making the U-series age too old and, by leading to an underestimation of the 
environmental dose rate, would also make the OSL age too old; both effects would be 
maximised if the leaching has occurred recently. However, the germanium gamma 
spectrometry results from both OSL samples do not indicate any significant disequilibrium 
in the decay chain which would be expected if significant uranium leaching had occurred. 
This site clearly has some stratigraphic and chronologic uncertainties which will require 
further work. 
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Appendix 3. LABORATORY METHODS: 
A3.1 Core logging and sampling 
Using stereo-microsc;ope observations where necessary, all cores were logged in detail on 
log paper designed to suite the lithologies encountered; observations were made on 
lithology, colour structures, texture, carbonate and gypsum. The carbonate presence and 
relative abundance was estimated from effervescence in 10% HCl. Sub-samples of 
representative units and lithologies were taken for mineralogical and chemical analyses. 
A3.2 Thin sections 
Initially, sub-samples were also taken for vacuum impregnated with polyester resin to 
enable thin sectioning by oil lapping techniques. The thin sections were sited to sample all 
sedimentary units and where possible the boundaries between them. However, shortly 
after the start of the project, this facility was no longer available, and thin sections could 
not be made. 
A3.3 Textural analysis procedure 
1. Representative sample selected (sample splitter) a 60 gm 
2. Add sample to 800 ml distilled water + dispersant (10 ml 10% Na-Tripoly-
phosphate + 5 ml 5% NaOH) 
3. Mix for 60 mins with a paddle stirrer 
4 . Wet sieve whole sample through 63 µm sieve 
- Sand fraction (>63 µm) in tared beaker to oven to dry 
- Mud fraction ( <63 µm) returned to paddle stirrer mixer 
5. Sub-sample aliquot of mud fraction was analysed in the HORIBA CAPA-300 
Particle analyser. 
6. Mud fraction acidified, and placed in tared beaker in oven to dry. 
7. Sands were dry sieved for 12 minutes on a sieve shaker in a nest of sieves at 0.5 phi 
intervals. 
8 . Sand and Mud fractions were weighed and total sample weight calculated. The 
pan fraction (less than 63 µm) weight, from the nest of sieves, was added to the 
mud. 
9. Percentage weights for gravel, sand, silt and clay grades calculated. 
10. Results plotted on Sand-Silt-Clay triangular diagram of Folk (1968) and sediment 
textural types determined. 
A3.4 Chemical analyses 
Chemical analyses were performed by or under the guidance of Mr. J.R. Caldwell, ANU. 
ORGANIC CARBON: By Schollenberger chromic acid wet oxidation. 
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CARBONATE ABUNDANCE: By volumetric calcimeter, measuring C02 evolution from 
reaction with HCl, under constant temperature conditions. Results were recorded as 
% C02 and converted to mineral abundances (as indicated by XRD results) by 
application of the following factors: Low-Mg Calcite, 2.27; High-Mg Calcite, 2.22; 
Dolomite, 2.09. 
SULPHATE ABUNDANCE: By gravimetric analysis of BaS04 precipitated by the 
addition of BaCl to a lN HCl digest. Results were recorded as% S04 and converted 
to gypsum abundance by applying the factor 1.79. 
CALCIUM ABUNDANCE: By Na2EDTA titration of a lN HCl digest. 
MAGNESIUM ABUNDANCE: By Na2EDTA titration of a lN HCl digest. 
IRON ABUNDANCE: By colorimetric (480 µ)measurement of KScN complex from lN 
HCl digest (adjusted for pH and oxidised by H202). 
pH: By a laboratory pH meter measurement of a 1:5 (wt:vol) air dried sediment/water 
suspension equilibrated for 1 hour. pH meter was standardised with buffer solutions 
and washed between measurements of buffer solutions and samples. 
A3.5 Mineralogical analyses: 
All mineralogical determinations were made by X-Ray diffraction analysis of samples on a 
flat plate prepared by evaporation of slurried powdered or dispersed samples. 
Measurements were carried out on a Siemens D501-K710 at 40 KV-20MA with slits at 1°, 
1°, 1°, 0.15 mm, 0.15 mm. Copper radiation was used with a scanning speed of 
2° /minute. 
CARBONATES: The relative abundance of Mg2+ in calcite and Ca2+ in dolomite were 
determined by the relative displacement of the 100 reflection peak using the methods of 
Griffen (1971). Exact peak position was calibrated by the addition of reagent grade CaF2 
for calcite peaks, and NaCl for dolomite peaks and measurement relative to them. Where 
carbonate abundance was sufficiently high, the relative amounts of calcite and dolomite 
were determined by the ratio of the peak heights (Griffen, 1971). 
CLAYS: Samples were washed to remove soluble salts, then dispersed and the fraction 
less than 2 µm separated by sedimentation in a settling tube. Gypsum, carbonate and 
exchangeable cations were removed by acetic acid digest, organics by H202, and Iron by 
oxalic acid. The resulting clay sample was slurried and duplicate samples were allowed to 
dry on stainless steel plates, producing a preferred orientation. One sample was then 
glycolated and the other dried at 600° C for 1 hour. Both samples were examined in the 
diffractometer and the results compared. Clay mineral species were determined from the 
basal d-spacing: kaolinite, 7.12-7.13; illite/montmorillonite, 10.2-11.0; illite, 9.95; 
montmorillonite, 17.8-18.0; playgorskite, 10.40. 
